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U. 8. Nuglear Regulatory Cotnmission
Attention: Dacument Control Desk
Washington, DC 20555

Subject:  Duke Energy Corporation
Catawba Nuclear Station Units 1 & 2, Docket Nos. 50-413, 50-414
McGuire Nuclear Station Units 1 £ 2, Docket Nos. 50-369, 50-370
Proposed Amendrnents $o the Facility Operating License and Technical
Specifications to Allow Insertion of Mixed Oxide (MOX) Fucl Lead Assemblies and
Request for Exemption from Certain Regulatiuns in 10 CFR. Part 50

Pursiant to 10 CFR 50.80, attached is 2 hcensc amendment request for the McGuire and
Catawba Nuclear Station Facility Operating Licenses and Technica! Specifications. The changes
proposed by Duke Energy Corporation (Duke) in this subrnitial revise the Technical
Specifications to allow the use of four MOX fuel lead assemblies at MeGuire or Catawba
Nuclear Statiorr. The curtent lead assembly fabrication schedule will support the insertion of
MOX fuel lead assemblies into either MeGuire Unit 2 or Catawha Unit 1 during the Spring 2005
refieling outage for the selected unit. No decision has yet been made 2s to which wait will

- irradiate the jead assemblics. Obtaining regulatory approval for MOX fuel lead assembly vse at
all four McGuire and Catawha units will better enable Duke to adjust to changes in the lead
assembly fabrication schedule, should any suzh changes occur.

This submittal atso includes a Request for Exemptions frum selected regulations pursuant to 10
CFR 50.12 that are required in order to receive, handle, store and use MOX fuel lead assemblies.

The following attachments are included in this submitial.

Attachment 1 contains a marked eapy of the current McGuire Technical Specifications
anx associated Bases showing the proposed changes ta allow insertion of MOX fie] lead
assemblics,

Attachment 2 contains & marked copy of the current Catawha Technical Specifications
and associated Bases showing the proposed changes to allow insertion of MOX fuel lead
assernblies.

Attachment 3 contains background information, a discussion of each of the propesed
changes, and supporting technical information to justify the changes.
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Attachment 4 contains Duke’s no significant hazards consideration analysis using the
standards in 10 CFR. 50.92.

Attachment 5 contains Duke's assessment of the environmental consequences of the
propesed license and Technical Specification changes.

Attachment § contains a request for exemnptions from selected NRC regulatmns
m 10 CFR 30

This licenss amendment request is being made as part of the engoing United States — Russian
Federation plutonium dispositicn program. The gozl of this nuclear nonproliferation program is
to dispose of surplus plutonium from nuclear weapons by converting the material into MOX fug]
end using that fuel in nuclear reactors. Additional background information on the intended role
of the MeGuire and Catawba reactors in the plutonium disposition program is provided in
Attachments 2 and 5.

Implementation of this amendment to the McGuire and Catawba Facility Operating Licenses and
Technical Specifications is not expected to require changes to the plants” Updated Final Safety
Analysis Reports (UFSARSs). If, az a result of implementing this license amendment, Duke
Energy determines that UFSAR changes are needed, appropriete changes will be made and
submitted to the NRC in accordance with 10 CFR, 50.71({e). Duke requests that the Nuclear
Regulatory Commission issue these license amendments and exemptions by no Iater than Avpust
2004. Regulatory approval in accordance with this schedule will facilitate arderly reload core
design and fuel procirement for the Spring 2005 McGuire or Catawba refueling outage.

It should be noted that this license amendment request relies in part on two topical reporis that.
are currently under NRC review. They are DPC-NE-1005P, Nuclear Design Methodolagy Using
CASMO-4/ SIMULATE-3 MOX end BAW-10231P, COPERNIC Fuel Rod Design Computer
Code. WRC approval of thess reports is a prereguisite to implementation of the Technical
Specification amendments identified in thiz amendment request.

In accordance with Duke administrative procedures and the Duke Quality Assurance Program
Topical Report, theze proposed amendments have been reviewed and approved by the McGuire
and Catawba Flent Operations Review Commitices and the Duke Corporate Nuclear Safety
Review Board.
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Pursuant to 10 CFR 50.91, copies of these proposed amendments are being sent to the States of
Norith Carolina and Scuth Carolina.

Inquiries on this matter should be directed to G. A. Copp at (704) 373-5620.

Very truly yours,

WS- Lwelomen

M. 8. Tuclkinan

Attachments
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fms

L. A Reyes

U. 8. Nuclear Regulatory Commission Regional
Administrator, Region IT Atlanta Federal Center
61 Forsyth 5t., 8W, Suite 23T85

Atlanta, GA 30303

R. E. Martin (addressee only)

WRC Pryject Manager

1. 5. Nuclear Regulatory Commission
Mail Stop 0-8G9

Washington, DC 20555-0001

E. F. Guthrie

Senior Resident Inspector

1. 8. Nuclear Regulatory Commission
Catawba Nuclear Site

E.M. Echaelier

Senior Resident Inspoctar .
U. 8. Nuclear Regulatory Commission
MoGuire Nuclear Site

E. Wingard, Thrector

Divizion of Radioactive Waste Manapement

South Caralina Departrment of Health and Environmental Control
2600 Bull Strect

Cohurnbia, SC 29207

Drirecior

Division of Radiztion Protection

Naowth Carolina Department of Environment and Natural Resources
3825 Barrett Drnve

Ralsigh, NC 27609-7221
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Dath snd Affirmation

M. 8. Tuckman affirms that he Is the person who subscribed his name to the foregoing statement,
and that all the matters and facts sat forth herein are true and correct to the best of s knowledge.

IS Tachpre

. 8. Tuckman

-
Subscribed and swom to before me on this £ 7 = day of —@’“ﬂcﬁ—' 2003

W Aas P Weboss

Notary Publjc

My Cernmissior Expires:

=,’/[Q,~_f 22, 29:;16 - ‘.:

-SEAL
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Spent Fuet Assembly Stocage
3.7.45

3.7 PLANT SYSTEMS
3.7.156 Spanl_Fua{ Assembly Storage

LCO 3.7.15 The combination of Initial enrichment, bumup end number of Integral Fual
Bumeble Absorber (IFBA) rods of each new or spent fuel assembly stored

in the spent fue! poat storage racks shall be within the fallowing
canfigurations: : .

a.  Neworimadizled fus! may be slored in Region 1A of the spent fual
poal in accordance with these limdts: .

1. Unrestricted storage of naw fuat meeting the criteria of Tabls
37951 or

2 Unrestricied storsge of fuel maeting the eriteria of Table
AT15-2, o

a. Restricled storage in acoardance with Figure 3.7.15-1, of

fusd which doss nol mest the critena of Table 3.7.15-1 ac
Tablz 3.7.15-2; o

b.  Newaorimadisted fucl may be stored in Region 1B of the spent fual
poal in accordance with these limits:

1. Unrestricted storage of fuel meating the oritetla of Table
37154 o

2. Restricled slorage in accordance with Figure 3.7.15-2, of
fual which meels the oriteria of Table 3.7.15-5; or

3. Checkerboand storags in acoordance with Figure 3.7.15-3 of
fuel which does not meet the orileria of Tahle 3.7.1 55y er

¢ Wew orimadiated fuel which has decayed at least 16 days may be

stored in Reglon 24 of ihe spent fug! pool in aoccardance with these
firnits:

1. Uarestricted slorags of fuel maeting the critetia of Tabke
- 37 45T o

Restricted storage, in aceandance with Figurs 3.7.13-1, of MOX, fuel assersblles sz Restricted Fusl,

Checketboard stamge, in accordanze with Fgure 3,7.15-5, of MOX, fuel assamblies 13 Chuk@

2. Resh‘lcte.d stotsge n acoordance with Flgure 3.7.15-4, of
fuel which meels the crileda of Table 3.7.15-8; ar

i,

(;.’ Chealesrboned storage, in sccordance with Figurs 3,2.15-3, of MOX fuel assembliss 25 Checkerboard Fuel.

a

3 Chockerbaand storage in accontance with Figue 3.7.15-5 of
fel which does pot meat the criterda of Table 3.7.15-8; o

N

4

McGulre Units 1 and 2 31141 Amendment Ht;ls. "EE'T'fﬁ'ﬁ"'



£ 3
f = Spdent Fuel Assembly Storage
- E§ 37.15
e
e d.  Mew orImadiated fuel which has decayed at least 16 days may be
ax siored in Region 2B of the spent fusl pool in accordance with these
.;-% < limits:
ED‘H E
g —E 1. Unrestricied storage of fuel meating the criteria of Table
'g ﬂ :E 3.7.15-10; or '
RE -
£% & 2. Resticled storage in accordance with Figure 3.7.15-5, of
é EE = fual which maets the criteria of Tabke 3.7.15-11; ar

Checkerboard storage in accordance with Figure 3.7.15-7 of
fuel which does not meet the criteria of Table 3.7.15-11; o

APPLICABILITY:  Whenever any fuel assembly is stored in the spent fuel pool.

ACTIONS
CONDITION REQUIRED ACTION COMPLETICN TIME
Al Requirements of the A NOTE
LCC net met. LCO 3.0.3 not

applicakle.

[nitiate actian to move the | Immediately

nancamplying fuel
assembly to the comest
kcalion.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

SR 3.7.15.1 Verfy by administrative means the planned spent fuel Prior to storing the
pool kacation is accaptable for the fuel assembly belng fuet assembly in
stored. the spent fue! paot

’ 1
_McGuire_Units 1and 2 a.7.15-2 Amendment Nos. 948



Snﬁent Fuel Assembly Storage
3715

3

cither Tahle 3,7.15-1 or Teble 3.7.15.2; or b} iz 0 mized ocide foel anserdhly

with 2 maximmm pominal figsile phwioniem concentration of 4.13 weight percent
amd A erxfnm nomisal 12-235 eovichment of 035 weight percent,

:
f
1
4
:
g
:
4
3

Restricted Fuel:

: ~TBblE 3.7 15-T5r Table 2.7.15. 2, or noa-fu
components, ar an emply focation may be placed in restricted fue!
focations as needed).

Fller Location: Either fuel which meets the minimum bumup requirements of Teble
A.7.15-3, oran emply cell.

Boundary Candition:  Any Restricted Reglon 1A Storage Area row bounded by any other
storage area shafl contain a combination of restricted fuel assemblies
and filler locations arranged such that ro restricted fue! assemblies ars
adjscent to each other. Example: Inthe figure above, row 1 6r column
1 can not be adjacent to 2nother storage area, bt row 4 or cofumn 4
can be.

Flgure 3.7.15-1 {page 1 of 1
Required 3 out of 4 Loading Pattemn for Restricted Regilon 1A Storage

kMcGuire Units 1 and 2 371515 | Amendment Nos., 404478



Spent Fuel Assembly Starage
3.7.1%

I T
. 1

HECKEREGARCOH
FUEL

CHECKEREQARDE
FUEL

ECKEREOAR
FUEL

CHECKERBOAR EMPTY CHECKERBEOAR
FUEL CELL FUEL

EMPTY EEKEHED.&HE‘ EMPTY CHECKERBOAROL
CELL § H

CELL FUEL

Checkerbaard Fuel;

on-fual components, or an ampty location may be placsd n
checkerboard fusl locations a5 needed)

Boundary Condition:]  Any Checkerboard Region 18 Slorage Area must be separaled from
any ofher storage area by at Jeast one row of empty cells, et all
boundaries between storage regians.

Fue! which: 2} does pot meet the mimiemm bhuoup requirements of
Table 3.7.15-5; or b) & a mixed oxide fusl assemibly with & maxinmum
pomminal fssfle plutonium concentration of 4,15 weight peresal

aned & mavinym nominal 11-235 enrichroent of 0.35 weight percent

Figure 3.7.15-3 {page 1 of 1)
Required 2 out of 4 Loading Pattern for Chackerboard Region 18 Storage

MoGuire Units 1 and 2 374517 Amendment Nos, 2t 6191



Spert Fuel Assembly Storage
3.7.15

|ctEcKeREBOAR]
FUEL !

EMFTY
CELL

CHECKERBOARD Exery
FLEL . CELL

ECKERBOARE}
FLEL !

EMPTY CHECKERBGAR
CELL FUEL

HECKERBOAR|

FUEL

0 oes meeithe requlramanl;s ﬂf ahla 3.7,
wal components, o an emply ocation may be placed in
checkerboard fuel locations as needed)

Boundary Condiition: | At least three of the four faces of each Checkerboard Fuel Assembly
must be ediacent to an empty cell or the pool wall, &t all boundaries
tween storage regions.
Fuel which: a} dues ot meet the migimmm burnup requirements of
Table 3.2.15-8; orb) is 2 mixed oxide fuel assembly with 2 toaxiowem

nariinal fissile plutonivm conceniration of 4, 15 wm,_r,h:pcrm
anda mmmumnummﬂu-ﬁs enrichooy

Required 2 out of 4 Luadmg Pattem for Checkerboard Region 2A Storage

MeGuire Units 1 and 2 3.7.15-19 ' Amendment Nos. 238-&15%



Spient Fuel Asssmbly Starage

3715

ol

m:eckem::ard fuel lpzations a5 needed)

Baundary Condition:

storage area, but row 4 or colemn 4 cen be.

Figure 3.7.15-7 (paga 1 of 1}
Required 1 out of 4 Loading Patiem for Checkerboard Region 2B Storage

Fucl which: o) docs oy meet the miniene bumn requirements of
Teble 3.7.1511; ox b) 13 p mixed oxide fiee) agaepbly with o maximam
mormndl fistile plutondun concentiation of 4.15 weight parcent

aivd & teaximalT soininal U-235 enrichment of 0.35 weipht percent.

ai-fus! companents, of an location may be placed In

Any Chackerboard Region 2B Storage Area iow bounded by any ather
slorage area shall contain only empty cells aranged such that no
Chackerboard Fuel assemblies gre adjacent to any fusl. Example; In
the figure above, row 1 or column 1 ¢an riot be adjacent to enother

McGulre Units 1 and 2 371521 Amendrnent Nos.  J872A70—



Cesign Features
4.0

4.0 DESIGN FEATURES

4.1 Slte Location

The McGuire Nuclear Stztion site is located at ketitude 35 degreas, 25 minutes, 52
seconds north and longiude 80 degrees, 56 minutes, 55 secongds west. The Unlversal
Trensverse Mercator Grid Coordinates are E 504, 669, 256, and N 3, 520, 870, 471.
The site Is in northwestern Mecklenburg County, North Caroling, 17 miles north-
northwest of Charlelie, Morth Camolina.

4.2 Reactor Core Tasert

4.2.1 | lias

The reactor shall contaln 193 fuel assemblias. Eac assembly shall consist of a
matrix of Zircalloy fuel rads with an initial com cn of natural or slightly
enviched uranium dioxdde (U0, as fuel materiall” Limited substitutions of
zirconium alloy or stainless sted filler rods or fuel rods, in accordance with
approved gpplications of fuel red configurations, may be used. Fuel assemblies
shall be limited to those fuel designs that have been analyzed with applicable
NRC stafl approved codes and methads and shown by tests or analyses lo
comply with &ll fuel salety design bases. A limited number of tead fest
assambhes that hau'e not completed representative lesting may be placed in

¥ A mximmm of four ]e.ad axsemh e5 conkaining mixed axide foel aod MS™ cladding

Tosart —> may be inserted into ejiber the Unit ‘i or UTnit 2 reactor core.

The reactor core shall contain 53 contrel red assemblies. The control material
shall be siver indiurm cadmium {Unlt 1) siiver Indium cadmium and boron earbids
{Unit 2) as approved by the NRC.

4.3 Fuel Storage
431 Citicality

4311  The spent luel storage racks are desipned and shall Ee maintained

=R Fuel acsemblies having 8 maximum nominal U-235 enrichmant
of 4.75 weight percenf,

ormixed oxide fuel assembliss having &
fiaximmnm nomina) fissile plutoninm
concepitation of 4.15 weight percem
and & maximum nomingl U-235

enrichment of 0.3 5 weight percent;

b. ke« 1.0 fully looded with unborated waler, which includes an

allowance for uncerainties as descrized in Seclion 8.1 of the
UFSAR;

c. ke < 0.95 if fully flooded with water borated ko 850 ppm, which
ndudes an allbwence {or uncertainfies es des-::r'bed in
Section 9.1 of the UFSAR;

McGuirs Units 1 and2 . 4.0-1 Amendment Nos. 2155395



5.6 Reporting Requirements
565 CORE OPERATING LIMITS REPORT {COLR) (continusd)
4. DPC-NE-2011PA, *Diuke Power Company Nudear Design

Methodology for Core Operating Limits of Westinghouse
Reactors,” {DPC Proprictary).

8, BPC-NE-I00IPA, "Mutkdimensional Reacior Transiemnds and
Safely Analysis Physics Paremeter dethadolegy,” (DPC
Propdietany).

6. DPC-NF-20104, "Duke Power Company McGuire Nudear Station
Calawba Nodlear Station Nudlear Physics Methadalogy for Reload
Chesian®™

7.  DPC-NE-3002A, "FSAR Chapter 15 System Transienl Analysis
Mathodaloay”.

8.  DPG-NE-3000PA, Themmal-Hydmulic Teaosiont Anatysis
Wethodology - (DPC Fropeistary).

LR DPC-NE-1004A, "Nudear Deslgn Methoddlogy Using CASMO-
IGIMULATE-3P".

1. DPCHE-2004P-A, "Dulee Povrer Company MceGuire and Catavida
Nudear Stations Core Thermat-Hydraulic Methodology 1sing
VIFRE-O1." (GPC Propristary).

i1, DPCNE2ANLP-A, "Themns! Bydreuvic Statistical Core Design
Methodalagy,” (EPC Propdetary).

12, DPC-NE-2008P-A, “Fuel Machanical Relnad Analysis
Mathodology Using TACO3,™ {DPC Proprietary).

13 WCAP-0OG4-PA, "Weslinghouse Small Break ECCS Evaluation
Modet using the NOTRUMP Code,” (W Proprietary).

14.  DPCHE-2002-P-A, "Weslinghouse Fuel Trans#ion Reporl,® {DPC
Proprietary).

15. WCAP-12945-F-A Volume § and Volumes 2-5_ “Cods
Quzltication Doocument lor Basl-Estimalte Lass of Soalant

—_ 2 Analysis,” (W_FPropaelary).
dnsesT 1. {
The COLR will contain the complele idantification for each of the

Technlcal Spadifications relerenced topical reports used Lo
prepare the COLR (i.e.. repor number, lille, revision number,
reporl date ar NRC SER date, and any supplements).

{confinued)

MzGuire Units 1 and 2 £64 Amendment Nos. 205FHy



INSERT 1 to McGuire TS 5.6.5 b.

16.  DPC-NE-1005P-A, “Duke Power Nuclear Design Methodology Using CASMO-4/
SIMULATE-3 MOX,” {Duke Proprietary).

17.  BAW-10231P-A, “COPERNIC Fuel Rod Design Computer Code,” (Framatorme ANP
Proprietary).



Spent Fual Assernbly Starags
Ba7.15

BASES

BACKGROUND (continued)

configuration with lower reactwity fuel. A third kading pstism,
Checketboard etorage, was dsfined for Regions 1B, 2A and 2B.
Checkerbeard storage £lows stotage of the highest reactivity kel ineach
region when checkerboarded with emply storags cells.

The McQuire spent fue! storage racks have baen analyzed taking credit
for soluble hovon as afiowed in Reference 3, The methodclogy ensures
that the spent fuel rack muliiplication faclor, Ky, s less than or equsl o
0.95 as recommended dn ANSIJANS-572-1883 (Ref. 4) and NRC
guidance (Ref, 5). The spent fusl storage racks are anzlyzed to sllow
storage of fuel assemblies with ennchiments up 1o a2 madmum hominal
enrichment of 4.75 weighi percent Uranium-235,while maintaining ker <
0.85 including unceraintcs, iolerances, bias, and credit for scluble
borong Soluble boron gredit is used  ofisel uncertainiies, tolerances,
and offnermal conditions and to provide subetitical snargin such that the
spent fusl pool kg ks maintained less than or equal to 0.85. The soluble

or mined oxide ficl assemblics
with a maxinmum nominal fisstle
7  plutonmm concentration up &
4.15 weight percent {maxiomim
ilerance of +f- (LOT7S weight
peveent fissile Pu) and a maxinmm
nominal Uranium-23 5 enrichmen
af 035 weipght pereent;

p maixed pxide fue] assembby
design i redially zoned with
fire] rouds 2t three different

plutonium concentrations. boron eoncentration required to maintain k. kess than or equal to 0.95
The paminal fissile phitonium under normal conditions is 850 ppm. In addition, sub-criticality of the pool
coacentration limitisthe (ket < 1.0} is assured oh & 95/95 hasis, without the presence of the
weiphted zverage for the entire

soluble boron in the pool, The critically analysis performed shows that
the acceptance criteria for crifcality s met for the storage of fued
gssemblies when credit & leken for reactivity depletion duz to fue!
bumup, the presence of Integral Fuzl Burnahle Absorber (JFBA) rods,
reduced credit for the Borafiex neutron absorber panals and storage
canfigurafions and enrichment Emits Spedified by LCO 3.7.15.

fuel assembly.

APPLICABLE Maost accident eonditions do not result In en increase in reactivity of the

SAFETY ANALYEEE racks in the spent fuel pool. Examples of the=e accident conditions are
the drop of a fuel assembly on fop of & rack, the drop of a fuel assembly
between rack modules {rack design precludes this condition}, and the
drop of & fuel assembly between rack modules and the pool wall,
Hewever, three accidents can ba pestulated which could result in an
increase [n reactivity in the spant fuel storage pools. The first is a drop or
placemnent of & fus! essembly Into the cask loading area, The second Is a
significent change in the spent fus! pool water temperature {elther the
Inss of normzl cooling 1o the spent fuel pool waler which causes en
increase In the pool waler temperature or & large makeup to the poo!l with
cold water which eauses B decrease in the pog! water tempereture} and
the third is the misloadmy of & fucl assembly inte B location which the
restrictions en location, endchment, bumup 2ngd number of IFBA rods is
not salisfied.

For an aocurence of these poslulated aocidents, the double contingency
principle discussed in ANSIN-16.1-1875 and the April 1978 NRC letter

McGire Units 1 and 2 - B27.152 ' Revislon No. 27



Attachment 2
Marked Copy of Catawba Technical Specifications

and

Assoriated BASES Changes



Spent Fual Assembly Storage

3.7.16
3.7 PLANT SYSTEMS
3.7.16 Spent Fue! Assembly Storage
LCO 3.7.16 The combination of initial endchment ard bumup af each new or spant fuel

assermbly stored in the spent fuel pool stotage racks shall be within the
kallowing configurations:

# Unrestricted storage of fusd meeting the criteria of Teble 3.7.16-%; or

b. Resticied storege in accondance with Flgure
does not meel the criteda of Table 3.7.16-§; oc)

€. Pestricted storzge, in wecordance with Fipare 3.7.16-1, of
MOX fiz=] assemmblics 12 Bastricied Fuzl

APPLICABILITY:  Whenover any fuel assembly b stored in the spent fire! pool.

6.1, of fual which

ACTIONS
CONDITION ' REQUIRED ACTION COMPLETION TIME
A Requirements of the A HOTE:
LCO not mel LCO 3.0.3 3 not
' gpplicable,
Inifiate acfion to move the | Immediately
noncomplying fuel
assembly io the correct
{ocstion.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY

Frior ko sloring the
fue! assembly In
the spent fuel poal

SR 3.7.16.1 ¥

e — T ——

[ Werily by sdministrative mans e planned speat fusl paal
Rocatiog 13 ateepinhle for the fusl assembly heing storcd.

Catawba Unlts 1and 2 33464 Amendment Nos. 78465 -




Spent Fuel Assembly Storage
3.7.18

or b} is 2 mixed oxide fuel essembly with & maxirmem

i
g
g
'5
S
x
E
g
§
5
5
r
[

nominz] fissile pluivmivm conceniation of 4.15 weight percent
and a maoeinmim norinal U-235 enrichement of .35 walght percent.

Unrestricted Fuel;

f cHnpanents, ar an
fuel kacatlans a5 needad)

Filler Lacation: Either fuel which meets the minimum burnup requirements of Table
3.7.16-2, or an emply cell.

Boundary Condition:  Any row bounded by &n Unrestricted Storage Area shall contain 2
combinztion of restricled fuel assernblies and filler lacations aranged
such that no restricted fuel aseemblies are adjacant to each other.
Fxample: In the figure sbove, row T or column 1 ean ot ba adjacent to
an Unrestricted Storage Area, but row 4 or column 4 can be.

Figure 3.7.16-1
Regulred 3 cut of 4 Loading Patiemn for Restricted Starage

Catawba Units 1 2nd 2 37164 Amendment Nos. I712H65-



Deasign Features
4 {3

4,0 DESIGN FEATURES

4.1 Site Localion

Catewbe Nuclear Siation is located in the north centra! pertion of South Carolina
approximately six miles north of Rock Hilf and adjacent to Lake Wylie, The siation center
is located at ktitude 35 degrees, 3 minules, 6 seconds north and knglhwde Bt degrees, 4
minutes, 10 seconds wesl. The comesponding Universal Transverse Mercator
Coordinates are E 483, B0 and N 3, 878, 555, zore 17.

4.2 Reactor Core _ ﬂ L el
4.2.1 i mbli

The reaclor shall conlatin 183 fuel sssemblias. Each assembly shall onsist of a
matrix of either ZIRLO™ or Zircalloy fue! rods with an inftial cormpog
natural o sfighlly enrichied uranium dioxide (U0;) as Tus! maleiall
substihtions of ZIRLO™, Hrcanivmn elloy, or stainkess steel filler rods for fug!
rods, In accardance with approved spplications of fusf rod configurations, may be
used, Fuel assemblies shall be imited k those fuvel designs that have been
anzalyzed with applicable NRC staff approved codes and methods and shown by
tests or analyses to comply with gl fuel safely desinn bases, A imited number
of lead test assembﬁes that have not completed representative testing may be
places COre negions.

* A penimum of fout 1ezd assemblics containing mixed oxids fus! and M5™ cladding
mmay be inserted inte the it 1 mﬂmtzrmwmre

The reactor core shall contzin 53 control rod assemblies. The contn! material
shall be sillver Indivm cadmium and boran cerbide 85 epproved by the NRC.

4.3 FuelStorape

431 Crilicality

4.3.14  The spent fuel storage racks are designed and shall be maintained
with:

(confinued)

Catawha Unlis 1 and 2 4.0-1 Amendraent Nos. 183172



Pesign Feahwes
4.0

4.0 DESIGN FEATURES

4.3  Fuel Stotage (continued)

a. Fuel sssemblies having B maxdmumn nominal U-235 enfdchment
of 5.0 weight percentX,

or mixed cxide fuel azsamiblics baving 2
maximum gontittal Geaile plutonium
coneentration ep ko 4. 15 weipht percent
and & maxinmien nominal 1235
etrichment of 035 waight percent;

ke < 0.95 f fully flooded with unborated water, which inciudes
an dliowance for unceraintiss as desorited in Section 8.5 of
the UFSAR; and

C A nominal 13.5 inch center ta center distance betwaen fual
assemblies placed in the fusl storage racks.

4281.2  The new fuel elbrage racks are designad and shall ke mainteined
with:

a.  Fuel assemblies having & maximum nondnal U-235 enfichrment
of 5.0 weight percent;

b. Ker = 0.95 if fdly flooded with unbarated water, which Includes
an gllowanee ot uhoerzintizs as deserbed In Section 9.1 of
tha UFSAR;

. ke = 0.98 Il modoratad by squeous foam, which includes an
aflowance for uncertainiies a5 describad In Section 8.1 of the
LIFSAR: and

d. A nominal 21 inch center to center distance between fus!
assemblies placed in the storage racks.
4.3.2 Draingas
The spent fuel storage pod! i designed and shali be maintamed to prevent
inadverieni dralning of the poo! below slevation 596 #.

£33 Capacity

The spent fuel storage podt is daslyned and shak ba malntalned with a storage
capachty kmited to no more than 1418 fuel assemblics.

Catawba Unlts 1 and 2 4.072 Amendment Nos. 23165



Repontihg Requirements
5.6

5.6 Reporting Requirements

565 CORE OPERATING LIMITS BEPORT (COLR) {continued}

14,  DPC-NE-2008-P-A, “Westinghouse Fue! Transition Reporf” {DPC
Freprietary).

15, WCAP-12345-P-A, Volume 1 and Volumes 2-5, “Code
Qualification Document for Best-Estimats Lozs of Coalant

L\ﬁtr"; i. L Analysis" (¥ Fropristary).

The COLA will contain the complete identification for each of the
Technical Specifications ralerenced topical reports used to prepare the
COLR {i.e., repart rumber, tilla, revision number, report date or NRC
SER date, and any supplements).

. The core operating limits shall be datermined such that all appiicahle
limits {e.g., fuel theymal mechanical limits, core themal hydraulic limits,
Emergeney Core Cooling Systems (ECCS) limits, nuclaar limits such as
SDM, transient gnalysis limitts, and accident analysés mits) of the safety
anafysis are met.

d. The COLR, Including any midcycle revisions or supplements, shall be
provided upon issuance for each reload cycle to the NRC.

5658 Ventileti ctemns_Heater

When a report is required by LCC 3.6,10, "Annulus Ventilation Systermn (AVS)."
LG 3.7.10, “Cantrol Room Arga Ventilation System (CRAVS)," LCO 3.7.12,
Auxiliary Building Filtered Ventilation Exhaust Systern (ABFVES)," LCO 3.7.13,
Fual Handling Ventilation Exhauet Systern (FHVES)," or LCD 3.9.3,
“Centainmant Penetrations,” & report shall be submitted within the following 30
days. The repor shall cutling the reason for the inoparability and the planned
actions to retum the systems o DPERABLE status.

5.6.7 PAM Report

When & repoart Is required by LCO 3.3.3, "Post Accident Monitoring (PAM}
Instrumentation,” a report shall be submitied within the following 14 days, The
report shall outline the praplanned altemata method of monitoning, the cause of
the inoperability, and the plans and schedule for restoring the instrusnentation
channels of the Funcfion to CPERABLE status.

56.8 Steam Generator Tube Inspection Report

a, The number of wbes pleged in each steam gensrator shzll be reported
10 the NRC within 15 days following ecompletion of the program;
{continued)

Catawba Lhits 1 and 2 5.6-5 Amendmant Nos. 199/192
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16.  DPC-NE-1005F-A, “Duke Power Nuclexr Design Methodalogy Using CASMO-4/
SIMULATE-3 MOX,” (DPC Proprietary).

17. BAW-10231P-A, “COPERNIC Fuet Rod Design Compueter Code,” (Framatome ANP
Proprietary).



Spent Fus! Assembly Storags
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B 3.7 PLANT SYSTEMS

B 3.7.18 Spent Fuel Assembly Storage

BASES

BACKGROUND The spent fuel storage rack {Ref. 1) Is limited to a capacity of 1248 fuel
assamblies. The spent fuel starage rack is designed to accommedate
fue! with a maximum nominal enrichenent of 5.0 wi% U-235 (maximum
tolerance of + 0,05 wi%) which have accumufated minimum bumups
greater than or equal to the minimum qualifying bumups in Table 3.7.18-

1. Fued assemblies not mesting the criteria of Table 3.7.16-1 ehall ke

stored in accordance with Figure 3.7.16-1.

The sterage rack can slso
accotrmodate moxed oaade Tocl
exsemblizs with & maxinmmm
eonvinal fissile phetenpan
conseotraticn up b 415 weight
petoent [raxinnim olermes

of +- 0075 weight peoeent

The water in the spent Ruel pool normally conlains soluble baron, which
resuits in karge suberiticality margins under ectual opersting conditions.
Hewrever, the WRC guldelines, besed upon the eccident condition In
which &ll soluble polson ks essumad o have baen lost, specify that the
lEmiting k.= of 0.25 be evaluated i the absence of scluble boron. Hence,
the deslgn of the spent fuel storage racks is based on the use of

fissile Pu) and & 'P“‘m nomimal | unborated water, which mainkalns the spent fuel poo! in & subcritical
E;“j:::*;:smh“fmm of rondition during norma! operation when fully loaded. The double

nixed mmpﬁl e assembly contingency princlple discussed in ANSIN-16.1-1975 and the April 1978
design is padially zoned HRC fetier {Ref. 2) allows credit for soluble baron under other abnomal
with firel rods at thres different or accident conditions, singe only a single accldent meed be considered al
pletoninm concentrations, The one time. For exampla, the most severa accident scenario s associated
Tominal fssile phutonium with the aocidental misloading of 8 fusl BEssembly. This could polentially

Increase the reactivity of the spent fuel poal. To mitigate these
postulated criticallly retated socidents, boron Is disspived in the pool

water. Safe pperation of the spent Tuel pool storage rack with no
movermnent of assembliss may herefore be achieved by controlfing the

kcalion of each assembly in accordance with the: g¢companying LT,
Prior to movernent of en assembly, it is necassary to perform
SR 371514

concentration ligat is Ihe weight=d
sverage for (he entire foel pspembly

APFLICABLE The hypothetical accidents can only take place during of 85 a result

SAFETY ANALYSES of the movernent of an assembly {Ref. 3). For these accident
cccurrences, the presence of scluble boron in e spent fuel pool
{confrolled by LCO 3.7.15, "Spent Fue! Poal Boron Concentration™)
prevents criticality In the spent fue! pool storage racks. By dasely
controfiing the movemernit of each assembly and by checking the lncation

Catawba Units 1and 2 B 37163 Revision No—




EASES

Spent Fuel Assembly Starage
B 3716

APPLIGABLE SAFETY ANALYSES (continued)

of each assembly after movement, the time period for potentla! accidents
may be fmited to & small fraction of the olal operating fime. During the
remaining fime period with no polenBal for accidents, the operation may
be under the atspices of the accompanying LCO,

The configuration of fie! assembilies in the spent Tuel poal saﬂsﬁes
Crilerion 2 of 10 CFR ﬁﬁ.ﬂﬁ {Ref, 4).

LCO

The resfrictions on the placement of fue! 2ssemblias within the spent fual
pool, in accordance with Table 3.7.16-1, in the accompanying LCO,
ensures the ke of the spent fuel pool will always remain < 0.95, assuming
the pool to be flooded with unbomted waler. Fuel assemblies not
meefing the criteria of Table 3.7.16-1 shall be slored in accardance with
Figuee 2.7.16-1 and Table 1.7.16-2.

APPUICABILITY

This LCO applies whenever eny fuel assembly Is slored in the spent fued
pool. :

ACTIONS

Al

Required Action AL1 & madified by a Note indicating that LCO 3.0.3 does
not apply.

When the configuration of fusl assemblies stored In the spent fuel pool s
hot In sccordancs with the LCO, s Imreediate action & to initizte action
o make the necessary fuel assembly mavemeni(s} to bring the
configuration into complianes.

If imahle to mave iradiated fuel assambles while in MODE 5 or 6,
LCO 3.0.3 would not ba applicabla. If unable fo move imadiated fus!
assemblies while In MODE 1, 2, 3, or 4, the action s independent of
reactor oparation. Therefore, Inablity to move fuel 2ssemblies is not
sufficien! reason to regulre & neactar ml.ltduwn.

SURVEILLANCE
REQUIREMENTS

T e

This S yoifics by ldnmtlm me=ans that the fudl sacambly
i mnrdmct. with the confipurtions specifisd in ke

SR 3.7,16.1

Catawba Units 1 and 2 B 2.7.16:2 Revision Mo-g-—"
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3. DESCRIPTION AND TECOHNICAL JUSTIFICATION
3.1 INTROPUCTION

Duke Encrgy Corporation (Duke) is part of 2 consortium that has contracted with the
Departrent of Erergy to dispose of surplus weapon grade (WG) plutoniumt. Under this
contract and options the consortinm, Duke Copemna Stone & Webster (’DCS}, will provide for
the design, construction, operation, and deactivation of a Mixed Oxide’ (MOX) Fuel
Fabrication Facility (MFFF). DCS will process PuQ. powder supplied by the Depantment of
Energy (DOE), blend it with depleted UQ:; powder, and fabricate it into MOX fuel pellets.
These pellets will be loaded inte MOX fuel assemblies. Following NRC approval of required
license amendments, the fusl assemblies will be used in the McoGuire and Catawhba Nuclear
Stations with core fractions up to 40% MOX fuel.

MOX fuel has been nsed extensively in Eurcpean reactors for over 20 years. As aresult, a
large datzbaze of parformance characteristics has been amassed by vazious European utilities.
Currently, there are over 30 rezciors that are using MOX fuel in Europe. The MOX fuel used
in Europe is manufactured using the phmonium extracted from reprocessed low enriched
uraniurn {LEL) fuel that has been discharged from European reactors. This fuel is typically
referred to as reactor grade (R} MOX fizel since the plutonium in the fuel is derived fom the
frradiation of uranium in a commercial reactor. RG MOX fuel is similar to the WG MOX
fuel that Duke proposes to nse. The primary differences between RG end WG MOX fugt are
in the isotopic content of the plutonium and the marpinally higher impurities contaitied in the
fuel pellets. These differences are discussed in detail in Section 3.5.1 and in Reference 1.

In preparation for the wtlization of batch quantities of MOX fuel, Duke currently plans to
insert foar MOX fuel lead assemblies into MeGuire Uhnit 2 or Catawba Unsi t during the
Spring 2005 refueling outage. However, Duke is requesting and providing justification for
insertion of lead assemblizs inta any of the Catawba or MoGatire reactors. These reaclors are
sinlar encugh that supporting safety analyses to use MOX fuel, in most instances, apply to
ary reactar at either station. Any differences are noted and described in more detzil. By
obtaining Hcense amendments for Catawbaz and MceGuire, Duke wilt have the flexibility to
accommodate changes in lead assembly manufecturing schedules or ather program changes
without the need for additional license amendments.

The MOX fuel lead assemblres will be manufectured wnder the direction of Framatome ANP.
Plans call for four lead assemblies to be iradizted for a minimum of two cycles to confirm
eoceptability of the planned MOX fuel assembly design, verify the validity of Duke’s models
to predict fuel assembly perfonnance, and eonfirm the applicability of the Furopean database
to Duke’s use of MOX fuel. Poolside post-irradiztion exammation (PIE) is planned to verify
selected mechanical properties of the lead assermblies. In addition, sotne or 8il of the I=ad
assemblies will undergo a third cycle of irradiation to assure that the ]ead assembly bumup

! "The term “mixed pxide” refies to reactor fuel conmzining a prixure of phoniom and uranivm axides (Pl and
U0} with plutonium providing the primary fissile isotopes.

3.2
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bounds the planned batch fuel burtup. Examination of one or more fucl rods in a hot cell is
planmed al the completion of the lead assembly imadiation program.

32 DESCRIPTION OF REQUESTED ACTION

Specific license amendments fo the Catawba Nuclear Station, Unit 1 & 2 Facility Operating
Licenses and Technical Specifications and to the McGuire Nuclear Station, Units 1 & 2
Facility Operating Licenses and Technical Specifications are requested to allow the insertion
of a maximum of four MOX fuel lead assemblics. Typically, the insertion of one or more
lead assemblies inte a licensed reactor does not require Technical Specification (T5) changes
or NRC approval provided the number of lead assamblies is Hinited and they are loaded inte
non-limiting core locations. However, due o several technical differences and specific
wording in the Technical Specifications, the use of MOX fucl lcad assemblies requires
regulatary appraval through the license amendment process under 10 CFR 50.90. Given the
limited number of lead assemblics and the similanty of the MOX fuel gssembly design to the
current LELJ fuel assemblies, Duke haz conchuded that there is no significant impact on plant
safety and no discernible effect on reactor operation.

The MOX fuel lead assemblies ezch have 2 nominal averege total plutoninm congentretion of
4.37 weight percent plutoninm {w/o Pu). This concentration is attained through the nse of 2
radially zoned fuel assembly made up of three different fuel rods contzining pellets with
nominzlly either 4.94, 3.35, or 2.40 w/o Pu. The weight percent refers to the total weight of
plutorivm {all isotopes) relative to ihe total weight of heavy metal (plutorium + vranium).
The nominal average tetal plutoninm concentration of 4.37 wio corresponds to a nominal
average fssile plutonium concenfration of 4,08 w/n, assuming the plutomium isotopic vector
shown in Table A3-2. This fuel design concept is described in more detail in Section 3.5.1
and in Reference 1.

3.3 DESCRIFTION OF McGUIRE TECHNICAL SPECIFICATION CHANGES

This zection describes each of the proposed chanpes to the Technical Specifications for
McGuire Nuclear Station. The use of MOX fuel lead assemblies necessitates revising
Technical Specifications on spent fuel storage {ingluding Bases), desipn features, and
administrative controls. The proposed changes and fechnical justification for the changes ars
discuszed in detail below.

3.3.1 McGuire Technical Specliicatlon 3.7.15 — Spent Fuel Assembly Storage

MecGuire has twa independent spent fuel pools (SFPs} for Units 1 and 2. The SFPs conlain
storage racks, which are located in two separate and distinet regions within the SFPs.

Region ] is designed snd generally reserved for temporary storage of new or partially

trradiated fuel since the storage cell configuration represents & less reactive array than that in
Region 2. The cells in Region 1 are spaced at 10.4 inches on center and were constructed

3-3
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with a neutron sbsorbing material (Boraflex) attached to the axterior cell wall wrapper plate.
The Boraflex material contains the isotope B' us the primary neutron absorber. This region
has the capacity to accommodate storage of a complete off 1oad of the reactor core (193 fuel
assemblies) ceincident with a reload fuel baich.

Fegion 2 is designed and is generally used for nomnmal long term storage of permanently
discharged fus] that mects specified burmup and initial enrichrmernt criteris. The storage cell
configuration in this region represents a more reactive array than that of Regien 1, This
region has a closer center-to-center cell Epacin%uuf 9.125 mrhes. These cells also use the
sarne Boraflex material, with somewhat less BY, resultmg in reduced neutron zhsorbing
capahbility relative to the material in Region 1.

The Boraflex materizl in both Region 1 and Region 2 has experienced unexpected
degradation. In order to maintain acceptable spent fuel storage limils in the face of this
degradation, each region has been subdivided into “A* and ‘B’ regions. In the *A’ regions
partia} credit is allowed for Boraflex, while in the “B’ regions no credit is taken for Boraflex.
The regions are defined as follows:

Region 1A - Credit for 25% of the original Boraflex material is allowed
Eepion 1B — No credit for Boraflex is assumed
Region 24 — Credit for 40% of the original Boraflex material is allowed
Region 2B — Na credit for Boraflex is assemed

Currently within cach of these regions, low-enriched uranivm (LBU) fie] assemblies are
qualified as “Restricted,” “Unrestricted,” “Filler,” or “Checkerboard,” baged on initial
enrichment znd bumnup crteriz. Using the same suberiticality requirements, am avahation
was performed to determine the ecceptable storage configurations for MOX fuel assemblies in
the McGuire SFPs. “Restricted” or “Checkerboard™ storage configurations were defined for
MOX fuel storage in each of the four regions. This evaluation shews that “Restricted”
storage is allowed for higher reactivity MOX fuel when limited to 2 specified storege
configuration with Yower reactivity LEU fuel. “Checkerboard™ storage is ellowed for MOX
fuel assemblies in 8 particular region, by surrounding or “checkerboarding™ the MOX. fuel
with ernpty storage cells.
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3.3.1.1 Description of McGuire Technical Specification 3.7.15 Changes

Fresh MOX fuel assemblies will be received, inspected, and loaded directly into the SEP for
storage prior to insertion into the reactor. Currently, Limiting Condition for Operation (LCO)
3.7.15 specifies criteria for fuel storage by reference to tables and figures to determine
allowabte LEU fuel storage configurations. Revisions to this LCO and associated figures are
proposed in this eense amendment request (LAR) to also allow storage of MOX fuel
asserablies in the McGuire SFPs. Fresh or irradiated MOX fuel may be stored as Restricted
Fuel in Region 1A, and as Checkerboard Fuel in Regions 1B, 2A, and 2B. The descriptions
of these fuel classifications in the pertinent TS 3.7.15 figures are revised to include MOX

assemblies as qualifying foel.

Marked up pages showing the proposed changes to the McGuire Technical Specifications and
asgociated Bases are included in Attachiment 1.

3.3.1.2 Justification for McGuire Technical Specification 3.7.15 Changes

An evaluation was performed that demonstrates the MOX fuel lead assemblies can be safely
stored in the McGuire SFPs with no medifications to the existing storage racks. This
evaluatiom confirmed that pertinent subcriticality criteria were met for storage of MOX fuel
assemblies 25 “Restricted” or “Checkerboard™ fuel m the different storage regions of the
MecGuire SFPs. In additon to normal storage conditions, several accident conditions wers
also analyzed, inchiding 2 fuel assembly misload event, a dropped fuel assambly, abmomal
SFP temperature changes, and a postulated heavy load drop (weir gate) onto the storage racks.
The detasted criticality safety evaluation that supports the allowable MOX fuel storags
configirations is contained in Appendix 3-1, “Criticality Evaluation of MOX Fuel Storage in
the MeGuite and Catawba Spent Fusl Pools.” Additiopally, the dose consequences of
postelated MOX fuel handling accidents were evaluated and are presented in Section 3.7.3.

3.32 MeGuoire Technical Specification 4.2.1 - I'nel Assembiies

MeGaire TS 4.2.1 currently allows fuel asgemblies with “2 matrix of Zircatloy (sic) fuel rods
with an initial composition of natural or slightly enriched uranivm dioxide (U0:) as fue)
material.” The MOX fuel lead assemblies wtilize fitel rods clad with M5™ whichis
zirconivm alloy with a different material specification than Zircaloy. Therefore, the McGuire
Technical Specifications need to he revised to allow the insertion of fuel rssemblies
containing MOX fuel rods with MS™ cladding. Alse, NRC regulations in 10 CFR. 50.46
implicitly require the use of either Zircaloy or ZIRLO™ cladding, so that the use of M5 ™
clad fne! rods requires an exemption from the NR.C regulations in addition to & license
amendment. An exemption request pursuant to 10 CFR 50.12 to allow the use of M5™ clad
fuel rods is included in this submittal as Attachment 6.
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3.3.2.1 Descrption of McGuire Technical Specification 4.2.1 Changes

The proposed change io allow up to four MOX fuel lead assemblies to be inserted into either
MeGuire reactor consists of adding an astenisk to the second sentence In TS 4.2.1, To allow
the use of MOX as a fuel material and M5™ as an alternative cledding type in the lead
assemblizs, a foatnote is included that references this same sentence with an asterisk. The
proposed footmote associated with the asterisk reads:

* A maximum of four lead assemblics containing mixed oxide fuel and Ms™
cladding may he inserted into the Unit 1 or Uit 2 reactor core.

The revised Technical Specification would permit the intreduction of up to four MOX fuel
lead assemblies with M5™ cladding into either of the MoGuire reactors. As noted earlier,
Duke currently plans to begin irradiation of four lead assemblies in either McGuire Unit 2 or
Catawba Uit 1 in Spring 2005. However, the lead assembly manufacturing schedule could
be revised to change the number of lead assemblies, the irradiation schedule, or the target
reactor. Adding the proposed feotnote to both the MeGuire and Catzwba Technical
Specifications provides sufficient flexibility to accommeodate 2 variety of contingencizs.

3.3.2.2 Justification for McGuire Technical Specification 4.2.1 Changes

Section 3.5 contains & detailed description of the design of the MOX fuel rod and the
mechanical design of the fitel asscmbly. Section 3.6 describes the operational implications of
MOX firel lead assernblies including core design and plant impacts. Section 3.7 contains the
safety analysis for operating with MOX fuel lead essemblies, which includes evaluations of
their behzvior during transient and accident conditions and evaluaticns of dose consequences.
All of these sections collectively provide the requisite justification for revising these technical
specifications to include reference to the use of MOX fuel lead assemblies.

3.3.3 MeGuite Technleal Speclfication 4.3.1 - Criticality

This Techniczl Specification defines the eriteria used to assure that the fuel storage racks in
the spent fugl pool are designed to prevent criticality. These criteria include a limit on the
enrichment of LETJ foel that can be stored in the foel racks. However, there are no criteriz
related to the storage of MOX fuzl. Therefore, to allow the storage of new and spent MOX
fuel assemblics in these storage racks, this Techmical Specification must be revised to include
criteria for MOX fuel.

3.3.3.1 Description of McGuire TS 4.3.1 Change

This Technical Specification currently limits fuel storage in the spent fuel pool to LEU fuel
assemblies with 2 *maximum nominal 1-235 enrichmem™ of 4.75%. The proposed chanpe
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adds a MOX fuel limit to McGuire TS 4.3.1.1 2. The proposed Technical Spaciﬁcaﬁon i5 as
follows {additional wording shown in italice):

“The zpent fiiel storage racks are designed and shall be maintained with:

2 Fuel assemblics having a maximum nominal U-235 epnchment of 4.75 weight
percent, or mived oxide fuel assemblics with a maximum nomina! fissile
phaonium concentration of 4.15 weight percent and a maximum nominal
{-235 eurichment of 8 35% weight percent.;”

3.3.32 Justification for McGuire Technical Specification 4.3.1 Change

The justification for changing McGuire TS 4.3.1.1 2. is the same ag that for revising TS
3.7.15, which is provided m Section 3.3.1.2. This section includes reference to an evaluation
{Appendix 3-1) that demonstrates the gbility to safely store MOX fuel assemblies in the
MeGuire spent fuel pocl. The evaluation includes criticality analyses for specific MOX fucl
storage patterns, for a fuel assembly misload event, for a dropped el assembly, for atmormal
SFP temperature changes, and for a postulated heavy load drop (weir gate) onto the storage
racks. Bince these anzalyses consider vnirradiated MOX, fuel assemblies with & maximum
figsile plutonium concentration of 4.15 weight percent and a maximum nominal U-235
enrichment of 0.35 weight percent, they also provide the necessary justification for the
proposed changes to MeGuire TS 4,3.1.1 a.

334 MeGnoire Techrical Specifieation 5.6.5 - Core Operating Limits Report

Section 5,6.5 a. of the McGuire Technical Specifications contains a list of core operating
limits that must be established for each reload cycle. These limits are celeulated and
docutiented in a cycle-gpecific Core Operating Limits Report (COLE). The methodologies
used to davelop the core operating limits listed in the COLR section of the Techinical
Specifications ars described in eithar Duke or vendar fopical reporis that are approved by the
WRC. Once these reports are approved, NE.C requires that the reports be listed in Section
5.6.5 b. of the Technical Specifications for the plants to which the reports are applicable.

3341 Descriptionef TS 5.6.5 Change

The proposed change to TS 5.6.5 b, is to add the additional topicel reports that Duke and
Framatome ANP have submitted to NRC for approval that will be used to evaluate MceGuire
core designs containing MOX fusl leed sssemblies. These topicsl reports are:

3] DPC-NE-1005P-A, “Duke Power Nuclear Design Methodology Usihg
CASMO-4/SIMULATE-3 MOX,” (DPC Proprietary).
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2} BAW-10231P-A, “COPERNIC Fuel Eod Design Computer Code,™
{Framatome ANF Proprietary).

3.3.42 Justification for McGuire Technical Specification 5.6.5 Changes

Both of these reports have heen submitted to NRC for review and approval. NRC issuance of
safety evaluation reports approving the use of the methodologies described in the topical
reports will provide the necessary justification for changing this Technical Specification.
(nce NRC has compleled their review and issued Safety Evaluation Reports approving the
use of the methodologies descrzbed in these reports, it is an administrative change to include
the approved reports in TS 5.6.5 b. The reporis listed above and in the proposed Technical
Specifications are identified as “approved™ reports; i.e., with an *-A’ suffix even though the
NRC review is not cornplete as of the submittal date of this license amendment request.
Tdentifying these reports as approved is done enticipating that these reports will be approved
as part of the averall process to allow inserticn of MOX fiel lead assemblies into either of the
McGuire reactors.

3.4 DESCRIFTION OF CATAWEBA TECHNICAL SPECIFICATION CHANGES

This section describes each of the proposed changes to the Technical Specifications for
Catawba Nuclear Station. The use of MOX fuel lead assemblies necessitates revising
Technical Specifications on gpent fuel storape, design features, end adrmnistrative controls.
The proposed changes and technical justification for the changes are discussed in detail

helow.
3411 Catawba Technical Specilication 3.7.16 - Spent Fuel Assembly Storage

The Catawba SFPs are different from the McGuire pools in that they contain a single storage
repion With one storage rack design. All of the storage racks have the same cell center-to-
center gpacing (13.5 mches) and have no Boraflex pancls. Curmrently, LEU fue) assemblics are
qualified as “Restricted,” “Unrestricted,” or “Filler,” based on initial enrichment and burnup
criteria. “Restricted” storage allows storage of higher reactivity fuel when limited (o a
specified storage configuration with Jower reactivity fuel (filler agsemblies). Using the same
subcrificality requirements, the enticality eveluation has determined an acceptable
‘“Restricted” storzge configuration for MOX fuel assemblics in the Catawba SFPs. In this
evaluation "Restricted™ storage is allowed for higher reactivity MOX fuel assemblies when
limited to a specified storege configuretion with lower reactivity LELJ fuel.

3.4.11 Descnption of Catawba Technijcal Specification 3.7.16 Changes

Fresh MOX fuel assemblies will be received, inspected, 2nd loaded directly fnto the SFP for
storage prior to insertion into the reactor. Curenily, LCO 3.7.16 sperifies allowahble LEU
fue] storzge configurations by reference to Table 3.7.16-1 and Fipure 3.7.16-1. A revision to
this LCO 1= proposed in this LAR to also allow storage of MOX fue! assemblies as Restricted
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Fuel in the Calawba SFPs. The description of the Restricted Fuel classification is in Figure
3.7.16-1 which is revised to mclude MOX assemblies as qualifying fuel.

In addition, Surveillance Fequirement (SR) 3.14.1 is revised since the current language refers
to initial enrichment and buraup criteria, neither of which applies to MOX fuel storage, SR
3.7.16-1 currently reads:

“Verify by administrative means the initial enrichment and buroup of the fuel
assemihly ig in accordanee with the specifisd confpurations.”

The intent of SR 3.7.14.1 is to verify that a fuel azsembly meets the necessary criteria for
starapge in the spent fuel pool. The proposed change is to delete the current worditig and insert
the same language as conlzined in McGuire SE. 3.7.15-1, whick reads:

“Verify by adminisirative means the planned spent fue! pool location is accepiable
for the fusl assembly being stored.”

The proposed change spplies equally to 2 1EU or MOX fue] aggembly and still reqaires
verification that any fuzl asscmbly meet the appropriate storage requirements identified in the
associated LCO prior to moving it inta the spent fuel.

Marked-up pages showing the propesed changes to the Catawba Technical Specifications and
associzted Bases are included in Attachment 2.

3.4.1.2 Justification for Catawba Technical Specification 3.7.16 Changes

An evaluation was parformed that demoasirates the MOX fuel lead assemblies can be safely
stored in the Catawba SFPs with no modifications to the existing storage racks. This
evaluation confirmed that pertinent subcriticality criteria were met for storage of MOX fuel
assemblics as Restricted Fuel in the Catawba 5FPs. In addition to normal storzge conditions,
several accident conditions were also anatyzed, inchiding 2 fue) agsembly misload event, a
dropped foel azsembly, abnormal SFP iemperature changes, and a postulated beavy lozd drop
{weir gate} onto the storage racks. The detailed criticality evaluation that supports the
allowable MOX fue] storape configurations is contained in Appendix 3-1, “Criticality
Evaluation of MOX Fuel Storage in the MeGuire and Catawba Spent Fue! Pools.™
Additionally, the dose consequences of postulated MOX fuel bandling accidents were
evaluated and are presented in Section 3.7.3.

342 Catawba Technical Specification 4.2.1 - Fuel Assemblies
Catawba TS 4.2.1 specificelly allows fuel assemblies with “e matrix of either ZIRLO™ or
Zircalloy (sic) fuel rods with an initial compesition of nataral ot slightly enriched wraniurm

dioxide {J(;) as fuel material.” The MOX fuel 1ead assemblies utilize fuel rods clad with
M5™ which is e zirconium alloy with a different material specification than cither Zircaloy or
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ZIRLO™. Therefore, the Catawha Technical Specifications need to be tevised to allow the
insertion of fuel assemblies containing MOX fuel rods with Ms™ cladding. Also, NEC
regulations in 10 CFR 50.46 implicitly require the use of Zircaloy or ZIRLO™ cludding, so
that the use of M5 clad fuel rods requires an exemption from the NRC regnlations in
addition to a license ainendment. An exemption request pursuant to 10 CFR 50.12 to allow
the use of M5™ ¢lad fuel rods is included in this submittal as Attachment 6,

3.42.1 Description of Catawba TS 4.2.1 Changes

The propased change to allow up to four MOX fuel lezd assernblies to be inserted into either
Catawba reactor consists of adding an asterisk to the second sentence in TS 4.2.1. To allow
the use of MOX as 2 fuel material and M5™ a5 an alternative cladding type in the lead
assemblies, a footnote is included that references this same sentence with an asterisk, The
proposed footnote asgsociated with the asterisk reads:

* A maximm of four lead sssemblies containing mixed oxide fuel and M5™
cladding may be inserted into the Unit 1 or Unit 2 reactor core.

The revised Technical Specification and footnote would permit the introduction of MOX fuel
lead assemblies with M5™ cladding into either of the Catawba reactors. As noted earlier,
Duke currently plans to bapin irradiation of four lead 2ssemblies in sither McGuire Unit 2 or
Catawba Uit 1 in Spring 2005. However, the lead assernbly manufacturing schedule could
be revised to change the mmnber of lead assemblies, the irradiation schedule, or the target
reactor. Adding the proposed fooinate to both the Catawba and MeGuire Technical
Specihcations provides aufficient flexibility to accommodate 2 variety of contingencies.

3422 Justification for Cetewbs Technical Specification 4.2.1 Changes

Section 3.5 contains 2 detailed description of the design of the MOX fitel rod and the
mechanical design of the figl axsembly. Section 3.6 describes the operational implications of
MOX fuel lead assembilies including core design and plant impacts. Section 3.7 contains the
safety analysis for operating with MOX fuel lead assemblies, which ineludes evaluations of
their behavior during transient and secident conditions and evalnations of dose consequences.
All of these sections collectively provide the requisite justification for revising these technical
specifications to include reference to the use of MOX fuel lead assemblies.

3.4.3 Catawba Technical Specification 4.3.1 ~ Criticality

Catawba Technical Specification 4.2.1.1 i3 similar to the McGuire Technical Specification
and defines the criteria used to assure that the fie] storage racks in the Catawbe spent fuel
pool are designed to prevent criticehity. TS 4.3.1.1 a. includes & limit on the enrichiment of
LELT fiie] that can be stored in the fuel racks. However, there ate i criteria related to the
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storage of MOX fuel. Therefore, to allow the storage of new and spent MOX fuel lead
assemblies in these storage tecks, this Technical Specification must be tevised to includs
criteria for MOX fuel.

3.43.1 Description of Catawba Technical Specification 4.3.1 Change

This Technical Specification currently limits ficl storage in the spent fuel pool to LEU fusl
assemblies with a “maximum neminal UJ-235 emrichment™ of 5.0 %. The proposed chanps
adds a MOX fuel limit to Catawba TS 4.3.1.1 a. The proposed Technieal Specification is a3
follows (new warding shown in italics):

“The spent firel storage racks are designed and shall be maintamed with;

a Fuel asgemblies having a maximum nominal 17-235 enrichment of 5.0 weight
pereent, or MOX fuel assemblies having a maximum nominal fissile plutonium
concentration of 4. 15 weight percent and o maximum nominal U-235
enrichment of 0.35 weight perceni;”

3.4.32 Justification for Catawba Technical Specification 4.3.1 Change

The justificaticn for revising Catawba TS 4.3.1.1 a. is the same as that for revizing TS 3.7.16,
which is provided in Section 3.4.1.2. This section includes reference to an evatuation
(Appendix 3-1) that demonstrates the ability to safely store MOX fuel rssemblies in the
Catawba spent fucl pool, The eveluation includes criticality analyses for specific MOX fiel
storape petiems, for & fiuel assembly misload event, for a dropped fuel azsembly, for abmnrnal
SFP temperature changes, and for 2 postefated heavy load drop {weir gate) oato the storage
racks. Simce these analyses consider unirradiated MOX fuel with a maximum fssile
plutonium concentration of 4.15 weight percent and 2 maximnm nominal U-235 enrichrment
of 0.35 weight percent, they also provide the necessary justification for the proposed changes
to Catawha TS 4.3.1.1 a.

3.4.4 Catawka Technieal Specification 5.6.5— Core Operating Limits Report

Section 5.6.5 a. of the Catawba Technical Specifications contains a list of core operating
lirmits that must be established for each reloed ¢ycle. These limits are celendated and
documented in a cycle-specific Care Operating Limits Report (COLR). The methodologies
usexd to develop the core operating limits sted in the COLR section of the Technical
Specifications are described in either Duke or vendor topical reports that are approved by the
NRC. Once these reports are approved, NRC requires that the reports be listed in Section
5.6.5 b. of the Technical Specifications for the plante to which the reports are applicable. .
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3.4.4.1 Descoption of Catawba Technical Specification 5.6.5 Change

The proposed change to TS 5.6.5 b. is to add the additional topical reports that Duke and
Framatorne ANF have submitted to NEC for approval that will be used to evaluzte Catawba
care desipns containing MOX fuel lead assemblies. These topical reports are:

1} DPC-NE-1005P-A, “Duke Power Nuclear Diesign Methodology Tlsing
CASMO-4/SIMULATE-3 MOX," (DPC Praprietary).

2} BAW-10231P-A, “CCPERNIC Fuel Rod Design Cotnputer Code,”
{Framatorne ANP Proprietary).

3.44.2 Justificaticn for Catawba Technical Specification 5.6.5 Change

Both of (hese reports have been subenitted to NROC for review and approval. NRC issuance of
safety evaluation reports approving the use of the methodologies described in the topical
reparis will provide the necessary justification for changing this Technical Specification.
Omce WRC has caompleted their review and issued Safeiy Evaluation Reports approving the
use of the methodologies described in these reports, it is an administrative change to include
the appraved reports in TS 5.6.5 b. The reports listed above and in the proposed Technice]
Specifications are identified as “approved” reports; i.e., with an ‘A’ suffix even though the
NRC review is not complate a3 of the submittal date of this license amendment request.
Identifying these reports s agpproved is done enticipating that these reports will be approved
as part of the overall process 1o allow inscrtion of MOX fuel lcad assemblics into either of the
Catawba reactors.

3.5 DESCRIPTION OF MOX FUEL LEAD ASSEMBLIES

The MOX fuel program will utifize the Framztome ANP Advanced Mark-BW fuel assembly,
2 fully quelified fus] assembly design that will be adapted for MOX application through
changes to the fuel rod design. The Advanced Mark-BW fuel assembly is a standard lattice
17x17 fuel assembly spacifically designed for vee in Westinghouse-designed reactors. The
Advanced Mark-BW adapiation for MOX applications, the Maok-BW/MOX1, is
dimensionally and structurally identical to the Advanced Mark-BW with the only change
gppeaning in the fusl rod internal design. The Advanced Mark-BW and the Mark-BW/MOX1
share the foilowing base design leatures:

Seated fuel rods,

Floating intermediate spacer prids,

Quick Disconnect remaveble top nozzle,

High thermal rmance spacer grids,

TRAPPER ™ bottom nozzle?,

MS™ glloy” fuel rod cladding, guide thimbles and spacer grids,

*TRAPPER is a trademark of Framatome ANP, Tnc.
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. Mid-span mixing grds for enhanced thermal performance.

The MOX fuel lead assemblies will have these design features.
3.5.1 MOX Fuel and Fuel Rod Desigo Featores

The fuel rod design consists of UOz-Pud; (MOX) pellets contained in a seamless M5™ tube
with M5™ end caps welded at each end. The design typically utilizes 2 144.0 inch fuel stack
height. The fuel pellets have a diameter of 0,3225 inches. The fuel rod cladding has 8 0.374
inch outside diameter and 2 {.0225 inch wall thickness. This configuration leaves a small
clearance (approximately 0.003 inches radial clearance} between the inside diameter of the
cladding znd the outeide diameter of the fuel pellets.

The fuel rod vtilizes one stainless steel spring in the vpper plenum to prevent the formation of
fuel stack axial gaps during shipping and handling, while alzo allowing for the expansion of
the fuel stack dunn mgupm-at:iun The fuel stack rests on the kower end cap, The luwermdcap
is made from M5 and has a bullet nose shape to provide a smooth flow transition in
addition to facilitating reinsertion of the rods into the assembly if any rods are removed after
the assemblies have been irradiated (e.g., dering fuel exarnination programs). The upper end
cap is also made of M5™ and has a grippable top hat shape that allows for the removal of the
fuel rods from the fuel assembly if necessary. The upper end cap has a hole to permit
gvacuztion and back-filling of the fuel rod with helium gas prior to re-sealing,

The fuel pellets are a sintered ceramic of high density U0;-Pudy;. The UQ; matrix is denived
from deplated uranium enriched to nominally 0.25% 17-235. The fuel pellets are cylmdrically
shaped with a dish & each end. The corners of the pellets have a chamfer that eases the
Joading of the pellets into the cladding. The dish and chamfer geometry also redsces the
tendency for the pellats to assume an hourglass shape during operation. The design density of
the pellets is 95% Theoaretical Density (TDY) with a2 maximom plut{mium conlent of & weight
percent. Hewever, the maximum expected plutonivm mn:;entraunn in MOX firel peltets for
the lead assembhlies is 4.94 weight percent.

The schematic diagram of Figure 3-1 shows an axial ¢ross section of the MOX fuel rod for the
Mark-BW/MOX1.

3.5.1.1 MOX/LEU Design Comparison

A comparison of typical fuel rod design details for the MOX and LEL fitel rod designs is
summarized in Table 3-1, In addition to a different fuel pellet type, the MOX fuel rod design
differs from the LEU fuel rod design in the areas of fuel rod length, design density, and
maximum fuel rod burnup.

. Fuel Rod Length — The additional fission gas release from the MOX fuel is
accommodated by increasing the fuel rod length, and thus the plenum volume. This

* M5 is a trademark of Framatome AME, Ine.
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increase in rod length can be incorporated in the MOX design while maintaining the
required shoulder gap due to the lower bumup limit for the MOX design.

. Design Density — The design density for the MOX design is 93% TD whercas the
LEU fue] rod design utilizes 96% TD peltets. The selection of 55% TD for the MOX
was made to be consistent with previous European experience with reactor grade
MOX fuel. Future increases in the design density will be evaluated for the Material
Disposition Program when and if the European MOX designs evolve to higher
densities.

. Maximum Fuel Rod Burnup — The objectives of the Material Disposition Progrem can
be accommodated with 2 maximum fue! rod bumup that is less than that currently
being used for LEU foels. However, for the most efficient use of the MOX fuel, the
design burnup may be increased as European experience at higher burnups provides
the operstional experience and data o justify the increase.

3.5.1.2 Pellet Microstructure

The plutonium fissile content — Pu-23% plus Pu-241 - of the WG MOX fuel is expected to be
ghout 94%, whereas the RG MOX fuel is ebout 70%. Further, the RG material contains
sigmificantly higher concentrations of Pu-240, which acts as an absorber, reducing the
reactivity of the RG material relative to the WG material. Thus, the plutonium concentrations
for MOX fize! from the WG material must be reduced approximately 40% to maintain the
samne total reactivity as the MOX fuel made from RG matenial. This reduction in kotal
plutonium concentration ensures that the macroscopic plutannm: effects on fuel performance
are bounded by e data from MOX fuel made from RG plutonium.

On & microscopic scale, the distibution of fissile material within the PwO,-UC: matrix 18
controlled by ihe manufacturing process. In the MOX fuel fabrication process using RG
materizl, a primary blend and micronization is performed with & UGy/Pu(); ratio of 70/30.
This process step establishes the fissile content of the plutonium tich agglomerates. The
micronized master blond is then diluted with UO; to rearh the final plutoninm concentration.
Thus, the mictostructure of the pellet from .G materia! consists of a uniform 10, matrix with
uniformty distributed PuO:-UO, agglomerates containing 30% PuO,.

For the WG matetial the primary blead will be performed with a UQR/PuO; ratio of B0/20.
Using the same process as wsed with the RG material, this master mix is diluted with U0, to
reach the final plutoninm concentration. However, since the WG material bas a relative 35%
higher fissile content and significantly less Pu-240 parasitic material, the 80/20 master mix
will produce plitoniom rich agglomerates from the WG material that are equivalent in fissile
content with the plutoninm rich agglomerates produced from RG material using the 70/30
retio. The resulting pellet microstrecture for the MOX pellet from WG phitoniurn will be
equivalent to the pellet micrastructure of the MOX pellet made from RG maienal becanse:

. The UQ: matrix that establishes the overall pellet microstnuctute is the same since the
game process and the same feed UQy is used in both cases.
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* The grain size, particle size, and particle distribution will be the same since the
process is the same in terms of blender operation, size of sieves, pressing conditions,
gnd gintering conditions.

. The distribution of fissile material will be the same since the particle size and

distribution are the same, and the master mix 2djustment has maintained the same
fissile content of the plutoninm rich sgglomerates.

Thus, the fission density and the fission procduct inventory will be the same in both WG and
RGMOX fuele. Since the two fusls are equivalent in fizsile content and distribution of the
figsile material, it can aiso be concluded that WG MOX fiel will behave the same as BG
MOX fuel for considerations involving pelist thermal-mechanical behavior — fission gas
retease, transient response, and swelling.

The tizermal conductivity of the WG MOX fuel will be lower than that of LEL fuel bat
bounded by that of the RG MOX fuel. Since the two materials have equivalent distribations
of fissile material, and the WG material has lower total plutoniom concenirations, the thermal
conductivity of the WG MOX fusl will be less affacted.

The fuel pellet radial power prafile for WG MOX fuel will likewise be bounded by the RG
MOX fuel performance. The distribution of fissile matenial 1s equivalent for the two
matetizls, whils the total pletonium cencentrations are reduced for the WG MOX fuel.

3.52 MOX Frel Assembly Mechanical Design Features

The Mak-BW/MOX1 fuel assembly is based on the Advanced Mark-BW, an improved
17x17 fuel assernbly designed specifically for Westinghouse-designad PWERs and utilizing
many proven features of the base Mark-BW design. The advenced design features heve been
demonstrated through 2 1ead test assembly program at the North Anna reactors.

The Mark-BW/MOQX] and Advanced Mark-BW fuiel assembly utilizes 11 spacer grids that,
with the 24 guide thimbles, instrument tube, and top and bottom nozzles, provide the
structural cage for the 264 fuel rods. The top and bottom end grids are made from

Inconel 718 strip materisl. The gix intermediate grids and three mid-span mixing prids ars
constructed from MS™ strip material. The intermediate grids are those betwesn the end
grids, not including the tnid-gpan mixing grids. The M5™ clad fuel rods rest on the botlom
nazzle and are leterally supported by the top and bottom end spacer grids and six mtermediate
Epacer prids.

The Mark-BW/MOX]1 and Advenced Mark-BW intermediate specer grids are not
mechanically attached to the guide thimbles, which allow the grids to float™” a very limited
axial distance and thereby accommodate any axial differential growth between the fuel rods
and gmide thimbles. Ferrles around 8 of the 24 guide thimbles are designed to limit the axial
displacement of the intermediate grids. The exicl location of the spacer grids remains
unchanged from previous Mark-BW designs. This amrangement veduces the aaal forces on
the guide thimbles and fue! rods, and the resultant forces on the spacer grids. In addition,
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guide thimble axial loads are reduced, given that the weight of the fuel reds passes directly to
the bottom nozzle.

The Mark-BW/MOX1 and Advanced Mark-BW spacer grid designs utilize hard/soft stops in
the cells to support the fuel rod. Mark-BW/MOX]1 and Advanced Mark-BW end and
intermediate grids maintain the same grid periphery lead-in features as used in the Mark-BW
design to ensure good fuel assermbly-handling performance.

Features on the guide thimble assembliss constrain axial motion of the end grids. The bottom
end grid is restramed through stainless stecl sleeves that are welded te the bottom end grid.
The grid sleeves are mechanically erimped to the guide thimble lower end plugs that are fixed
to the bottom nozzle. Top end grid motion is restrained by stainless steel spacer steeves that
are welded to the top end grid 2nd located on the guide thimbles between the bottom of the
top nozzle and the top of the top end grid.

A quick discomect mechanism is utilized on the Mark-BW/MOX]1 and Advanced Mark-BW
fire]l assemblies. The attachments at the geide thimbleftop nozzle interface allow the top
nozzle to be removed for fuel assembly reconstintion. The Mark-BW leaf spring design,
consisting of four sets of leaf springs made of Inconel 718 matenial, is afso utilized on the
Mark-BWAOX]1 and Advanced Mark-BW assemblies. Located in the tap nozzle, the spring
maintains positive fuel assembly contact with the core support structure under ell rormal
aperating conditicns; it also maintains positive holddown margin for the fuel assembly
hydranlic forces.

The bottom nozzle is the TRAPPER debxis filter batlam nozzle, which is alse used on the
Mark-BW fuel assembly.

All key dimensions are maintained to ensure compatibility with existing interfaces. The
dirnensions presented are current values, which are subject to change for optimization as
additional operating data are acquired while ensuring that all design bases are met.

353 Design Evaluation

The Mark-BW/MOX1 fiel assembly design meets alt applicsble criteria to maintain safe
plant operation. The mechanical analysis demonstrates that the fuel assembly satisfies the
requirements ontlined in Section 4.2 in the SRP, NUREG-0800.

The design of the Mark-BW/MOX] fuel assernbly is such that it preserves the interface with
resident fuel assemblies and all reactor internals and all equipment for norroal handling. The
Mark-BW/MOX]1 is designed to preserve the original plant licensing bases for all reactor
internal components.

The analyses performed in Framatome ANP topical report BAW-10239, Advanced Mark-BW
Fuel Assembly Mechanical Design Topical Report (Reference 2), are applicable to the Mark-
BW/MOX] fvel assembly except for those evaluations impacted by pellet characteristics.
The fuel rod analyses follow the previously approved methods except that the fuel
performance code COPERNIC (Reference 3) is used with MOX specific models. .
COPERNIC is used to provide pressures, oxide thiclmess and strains used in fuel rod
mechanical analyses. ]
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Mechanical and thermal anzlyses on the fiel rod design have been completed vsing
preliminary fuel cycle information provided by Duke, and are summarized in Framatome
topical report BAW-10238, MOX Fuel Design Report (Reference 1). Methods used are as
specified in the COPERNIC fiel performance code topical report (Reference 3). Analyses
will be redone if necessary when final fiel cyele design information is available, frod
design changes ers necessary, revisions will meet the same criteriz presented herein. This
preliminary design is presented in Table 3-1, with & corparison to the Advanced Mark-BW
{UQ- design).

The use of M5™ has been evalualed by Framatome ANP as an advaneed cledding and
structural material and the results are documented in BAW-10227P-A (Reference 4).

154 Quality Assurance

Framatome ANF has the responsibility for the overall Quality Assurance {QA) oversight of
the entire fuel assernbly fabrication process, from the supply of government fumished Pufh
povwder to the delivery of the finished fue! assemblies to the reactor site. Every sub-vendor
who operates under the technical requiremenis provided by Framztome ANP will be qualified
by Framatome ANF ag 2n approved supplier. Framatome ANP will verify that each of these
vendors/facilities meets the requirements of 11 CFR 50 Appendix B, This verification may
include Quality system audits by Framatome ANP, review of audits performed by other
Framatome ANP facilities from other regions, and/or surveillance audits by ather approved
Framatome ANP quality anditors. Also gs feel assembly designer, Framatome ANP
ultimately has the responsibility for cetification of the finizshed fuel assemblies to Duke
Porwver, through DICS.

3.6 EFFECTS OF MOX FUEL LEAD ASSEMBLIES ON PLANT OPERATION

The effects of fonr MOX fitel lead assemblies on various aspects of plant operation were
cvalnated. Areas specificzlly evalueted were reactor vessel irradiation, nuclear and thermal-
hydraulic design effects, firel handling, and piant security. The effects on eperational
transients were also evaluated as part of the safaty analysis in Section 3.7.2.

3.6.1 Reactor Vessel

The primary plant compaonent that is potentially impacted by the preseace of MOX fuel lead
assemblies is the re2ctor vassel. The specific concern is the aging effeet due to increased
peutron fluence on the beliline region of the reactor vessel; i.c. the reduction of fracture
towghness of the reactor vessel due to neutron embrittlernent. The fast peutron flux in a MOX
fuel assembly is about 5% higher than a comparable LEU fuel assembly due to the fission
vield characteristics of plutonium. However, this higher fast neutron flux in the MOX fuel
iead assemblics dogs not translaie to mersased neutron embritlement of the reactor vessel.
There are two reasans for this. First, there are only four MOX fuel lead assemblies out of a
totat of 193 fuel assemblies in the reactor core. The overall nentron flhux is dominzated by the
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189 LFU fuel assemblics. As a result, the core-wide fast neniron flux increase is ess than
1%. Second, reactor vessel fluence is controlled primarily by the power in the fuei
assemiblies on the periphery of the core. Since, fresh MOX firel lead assemblies will not be
located on the core periphery, the fast flax impacting the reactor vessel will be virtwally
identical to that for an all-LE1] core. In any event, the Reactor Vessel Integrity Program will
manage reduction in fractire toughness of the reactor vessel beltline region so that the
function of the vessel is maintained, The existing pressure-temperature curves in MceGuire
and Catawba Technical Specification 3.4.3 remain velid with four MOX fiel Jesd assemblies.

3.6.2 Nuclear Besipn

The primary active fucl material in MOX fuel is plutonium, which has diffarent nuclear
properties than conventional LEU fuel. However, even with these different nuclear
properties, four MOX fitel lead assernblies have an insignificant effect on core wide behavior.
Care performance is dominated by the nuclear propertics of the remaining 189 assemblies in
the core. A comparison of several key core wide physics parameters (critical boron
concentration, control rod werths, moderatar and fuel temperature eoefficients) in a typical
LEU cere mode] with four MOX fuel 2ssemblies showed that these physics parametars are
very similar to those in 2 typical all-LELF core with no MOX fus] assemblies (see Tables 3-7
through 3-10).

The reload design process for & core with MOX fuel assemblies differs from the corrently
¢mployed methods only in the use of the CASMO-4/SIMULATE-3 MOX code system, which
is &n update to the eurrent CASMO-3/SIMULATE-3 code system. The CASMO-
4/SIMULATE-3 MOX codes will be used to perform the reguired anzlyses of ¢ycle-specific
nuclear physics parameters and core transient behavior far both mixed EEU/MOX fuel cores
end 2ll-LE1 fuel cares that are being performed with the current code system. Likewise,
power distribution uncertzinty factors, used to cvaluate predicted fuel performance with
respect to established peaking limits, were developed by benchmarking the CASMO-
4/SIMULATE-3 MOX code systemn agminst partial MOX fzel cores, 211-1LEU cores, and
ctitical experitnents. Uncertaintics were developed for both LEU end MOX fus! assemblies.
The detailed nuclear design methodelogy is descrnibed in Reference 5 which was submitted in
Angat 2001 for NRC review and approval.

3.6.3 Thermal-Hydraglic and Mechanical Design

The mejomnty of i fus] aszemblies (189 of 193) in the mixed core containing the MOX fuel
lead assemblies will be the resident Westinghouse Robust Fuel Aszemblies (RFA%), The
basic thermal-bydrandic and mechanical design of the Mark-BW/MOX] fuel assembly is
stmjlar to the RFA design and is well within the range of designs previously evaluated and
siplpyed in Duke’s reactors. Duke and Framatome ANF will use current NRC-approved
methpdologies to analyze the thermal-hydraulic and mechanical design performance of these
assemblias in order to determine appropriate limits for operation of the Mark-BW/MOX1 lead
255ethhljes in the mixed core environment. Analyzses will be performed using the VIPRE-01
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computer code on McGuire and Catawba cores as described in Reference 6 with chanpes
mcorperated to model the Westinghouse RFA fuel in 2 mixed core as discussed in Reference
7. Mark-BW/MOX]1 model information and statistical core design techniques used are
described in Reference 8.

3.64 Fuel Handling

The fresh MOX fuel 1ead assemblics will amive at McGuire or Catawba via the Department of
Energy Sefeguards Transportation Systera. The vehicles used in-this system ase enclosed
tractor-trailer trucks with built-in safegnards. Unloading the file] asgemblies from an enclosed
truck necessitates some differences in fuel handling procedures since current LEU fuel arrives
on open flathed trucks. Also, the shipping package for a fresh MOX fuel pssembly will be a
Type B{U) container, in compliance with 14 CFR Part 71 requirements for fresh fuel
containing plutonium. The shipping package is expected to be 2 Cogerna FS-65 packape
which is an end-loading design that holds one fuel assembly, es opposed to the usnal
clamshell arrangernent used with LEU fresh fuel shipping packages, which hold two fuel
assemhblies.

The different package design requires some changes to the fresh fuel receiving procedures.
An afr paflet is used 1o remave the shipping package from the truck tratler. Special handling
fixtures are used for lifting and aprighting the FS-65 package in arder to position and restrain
the package prior to apening. Special tooling js used to remove the end closure Jid on the
package. Existing plant cranes will be used to lifi the package and handling fixtores. In
addition, the existing new fuel handling tool nsed to grapple fresh LEU fuel assemblies will
be used on the fresh MOX fuel lead assemblies. Once the fuel assembly is removed from the
ghipping package and inspected, it is placed in the Spent Fuel Pool where it remains until
loaded into the reactor,

The presence of plutonium and americium in the fresh MOX fuel mairix results in 2 neutron
and gamma dose on the owder of two mrem/hr at one meter from any face af the fuel
assernbly. This increased dose rate witl result in some revision to the new fuel receipt and
inspection procedures in order to assure that these operations remains “as low as reasonably
achievable” {ALARAY; i.e, minimize persomnel radiation exposurs consistent with the needs
of the receipt and inspection procedures. Conservetive estimates of (he total dose associated
with the receipt and inspection of one MOX fuel assembly range from .020 to .Q42 person-
rem.

The consequences from dropping a fresh MOX fuel assembly are alse greater than for corrent
LEU fuel. Eveluation of the dose consequences for a postulated drop of a fresh MOX fuel
assembly is contained in Section 3.7.3.

3.G6.3 sﬂu-lil‘r

The security program requirements for all Duke nuclear stations are contained in the Duke
Power Company Nuclear Security 2nd Contingency Plan. This plan will be revised to include
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enhanced security requirements during receipt, handling, and storage of unirradiated MOX
fuel assernblies. The specific changes to this plan will be submitied separately with fhe intent
of having additional secarity meagures and associated plan changes approved in the same time
frame as the license amendments.

3.7 SAFLTY ANALYSIS OF MOX FUEL LEAD ASSEMBLIES

The MOX fuel lead assemblies bave slightly different neclear and thermal-hydraulic
characteristics from the resident Westinghouse LEU fuel assemblies. The effect of these
differences on the design basis transients znd accidents described in the UFSAR. were
evaluated to verify that acceptance criteria continuad to be met for the MOX fuel lzad
assemblies.

371 Impact of MOX Foel Lead Assernblies on Loss of Coolant Accident Analyses

The effects of MOX fuel lead assemblies on cors operating and safiety Hmits with respect to
loss of caolant analyses (LOCA) were evaluated. With the conservative calculation approach
described herein, there wete no significant differences in the predicted performance of MOX
fitel relative ke LET} fuel for LOCA. This conclugion is baged on an evaluation of MOX fusl
with respect to isotopic content, decay heat, fuel material properties, and on representative
LOCA calculations.

MOX fuel phenemena that have the potential to effect LOCA results are addressed in Section
3.7.1.1. Some adjustments to the Framatome ANP large break LOCA evaluation model are
required to model MOX fuel. These adjustments are discussed Section 3.7.1.2. A limited set
of Jarge break LOCA calculaticas companng MOX fuel Jead assemblies to LEU fel
gssemblies are summarized in Section 3.7.1.3. Section 3.7.1.4 contains a description of the
set of MOX fuel lead pssembly large breale LOCA caleulations that will be performed prior to
operation with the lead assemblies. Section 3.7.1.5 addresses potential MOX fuel impacts on
small break LOCA eveloations. Section 3.7.1.0 discusses potential mixed core loading effects
for the MOX fuel lead assemblies.

31.7.1.1 MOX Fuel Phenomenz and Lead Assembly Design Features that Potentially Affect
LOCA

This section addresses the effects of the MOX fuel isotopics on LOCA performance. It is
concluded that the changes in delayed neutron fraction and void reactivity feedback are not
significant for the lead assemblies and the use of the LEU decay beat standard is shown to be
conservative for application to MOX fuel.
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3.7.1.1.1 Fissionable Esotops

The key difference between MOX fuel and LEU fuel i3 that Pu-238 is the predominant
hssionable isotope in the MOX fuel. The substitution of a MOX fuel assembly for & LEU
fuel assemhbly affects the assembly nevtranic behavior, its nevtronic inleraction with the rest
of the core, and the fission product concentrations. Neutronic interaction between MOX and
LEU fuel assemblics occurs throwgh the energy spectrum of the nentron flux. It is primanly
embodied in a change of the delayed neutron fraction {Bog). the void reactivity effect, and the
prompt neutron fifetime. The Doppler reactivity effect between MOX and LEU fuel is similar
andd not of consequence in predicling the peak cledding temperature during a LOCA. The
differing concentrations of fizsion produets and nuclei activation alter the decay heat rate
between MOX and LEU fuel pins. However, as dizcussed in Section 3.7.1.1.2, LELI fuel
decay heat modeling required by eumvent NRC regulations remains conservative for
application to MOX fuel,

Delaved Neutron Fraction (B,)
The Eaction of delayved newtrons {Perm) is lower in MOX finel than in LEU fuel. As an

example, the delayed neutron fraction for 2 40 percent MOX fuel batch application will be
recuced from around 0.0043 to sbout 0.0050 at beginming-of-life (BOL) conditions. This
difference has two effects: (1) reactivity chanpes imposed on the core will produce a targer
change in fission power, and (2) the nevtron source for shutdown fission power will decrease.
Both effects act ta lower the power of the MOX fuel assembly relative to the LEU assembly
during the transient.

Change in Void Reactivity Feedback

Drring LOCA, the void effect is responsible for achieving reacter shutdown asd maintaining
low fission powers in the unquenched regions of the core. Figure 3.2 provides a comparison
of 8 void reactivity curve (effect on assembly k.. for & reference Framatome ANF designed
LEU fuzl assembly with a void reactivity curve calculated for a weapans grade MOX fuel
assernbly at the same conditions. A larper negalive reactivily insertion occurs for the MOX
fuel assembly than for the TEU azssembly for 2ll void fractions. This effectively suppresses
the MOX fuel assembly power relative to the LEU assembly thronghout 2 LOCA.

Prompt Neutron Lifetime
Thez prompt neufron lifetime decreases for MOX fucl cores. For a 40 percent MOX fue] batch

application the lifetime can decrease by approximately 25 percent. This change will not affect
LOCA calculations beeanse the prompt neutron lifetire onty becomes important for positive
reactivity inserlions greater than Peg.

Use of Pre-F 0CA Peaking throughout L OCA Simulation
The LEU fuel LOCA cvalvation mode] assumes constant tocal peaking factors throughout the

acviduut siwdativa, I ke Ul wry moowubly duss sl mounotoniealy decrease with inerasing
voiding, then loce! assernbly peeking (assembly power reletive fo core average power) can
increase during portions of the accident. This could increase the hot pin peaking factor for the
fission ¢component of the pin power and bring the assumpticn of ¢onstent peaking inta
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question. However, an examination of the void reactivity function for the plntonium
concentrations anticipated for the lead assemblies, Figure 3-2, shows that the local k.. for both
the MOX fuel and the LEL fuel assemblies iz monotonically decreasing with increasing void
fraction. Thus, the hot assembly (highest void fraction) power levels are eontinuzously
suppressed during the evolution of the accident and the application of the imitial peaking
factors is justified and copservative for MOX fuel 25 welt as for LEU fuel.

Combined Effects on JOCA

Each of the nestronic effects idertified as significantly differing between MOX fizel and LEU
fuel results m a potential benefit in the MOX fasl perameter value over the comrespanding
LETJ fuel vaiue, Taken together these changes assure that the heat load within the MOX fuet
lead assembly during LOCA will be lower than that in the resident LEU 2ssembly. Thas,
with all other processes being equal, core cooling mechanisms will more effectively conirol
the cladding ternperatures in the MOX fuel assembly than in the LEL fusl pssemblies. The
actal changes for the lead assemblies will nol be significant because the effect of four
assemblies on the core neuwtrenic behavior will be limifted and the MOX fusl assemblies will
be substantiflly driven by the sirrounding LEU fuel assemblies. Because the trend of the
neutronic parameters is to the benefit of the MOX fusl assembly, it is conscervative, a5 is dans
herein, to use LEU fuel neutronic parameter values in MOX fuel LOCA calculakions.

3.7.1.1.2 Decay Heat

The fission product decay hezt rate for MOX fuel assemblies, representative of the lead
assembly design, was determined using the 1994 ANSIYANS 5.1, "Decay Heat in Light Water
Reactors,” The actinide heat rate was determined using ORIGEN-8 with the SASXH
procedures in the SCALE code system (Reference 9). The result, including the appropiiate
uncertainties, is that the sizn of the decay heat and actinaide heat for the lead assemblics, for
fully gaturated decay chains, falls substantizlly below that nsed for LEU fuel cores. Figure 3-
3 shows & comparison of decay heat plus actinide heat for MOX fiel, the curve fit applied i
the Framatome ANP evaluation modei for EEL fuel, and the 1971 proposed ANS 5.1
Standard required by 10 CFR. 50.46 Appendix K. The MOX fuel curve inclndes uncertainty
factors sufficient to provide 2 95 percent level of confidence that thers is a 95 percent
probability that the decay heat and the aclinide heal are over-predicied. The Frematome ANFP
curve is a conservative fit to the 1971 proposed decay heat standard required by Appendix K.
Both the Framatome ANFP curve and the 1971 standard curve include a 20 percent increase in
the decay heat and best-estimate actinide heat prediction.

The MOX fizel decay heat curve is consistenily kelow the Framatome ANF LOCA svalualion
model curve for the first 36,000 seconds (10 hours) and, except for times less than 0.1
seconds, conststently below the 1971 proposed ANS standard to 1,000 seconds. Bayond

1,000 seconds, there 15 no significant difference between the MOX fitel curve and the 1971
proposed standard. Integrating the decay and actinide powers, the total energy represented by

the Framatome ANP curve op to the approximate time of peak cladding temperature, 150 to
400 seconds, averages more than 12 percent higher than the MOX fucl curve. Therefore, it is
conservative to use the same decay and actinide heat rate for MOX fue! of the lead assembly
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design as was approved for LEU fuel. No change to the evaluation model is required for
MOX fuel decay heat effects.

3.7.1.1.3 Thermal end Mechanical Properties

The MOX fuel thermal-mechanical properties are very similar to thase for LELT fuel. Six
primary fuel properties are used in LOCA evehuations: thermal expansion, thearmal
conductivity, specific heat, emissivity, elastic madulus, 2nd Peissan's ratio. The COPERNIC
fusl rod performance code (Reference 3) differentiates a MOX fuz] correlation only for
thermal conductivity.* For each of these physical properties, the MOX LOCA evahations
will be conducted with close approximations over the LOCA temperature range to the
appropriate COPERENIC correlation (MOX or LEU).

3.7.1.1.4 Steady State Fuel Temperature Prediction

The Frametome ANF LOCA evaluation mode! requires that the iritiz] fael temperature for a
LOCA simulation be determined by 2 NRC-gppraved fuel performance code. For LEU fuel
Framatome ANP has typically used the TACO3 code as discussed in References 10 and 11,
However, COPERNIC, a more recent Framatome ANF code hes models capable of predicting
MOX and LEU fuel performance. Accordingly, Framatomes ANP has spplied COPERNIC for
the determination of the steady state perfonnance of the MOX fuel 12ad assemblies and for the
initialization of comparison LEU fuel calenlations. The following subsections discuss the
changes to the LOCA evaluation model necessitated by the adoption of COPERNIC for
LOCA injtirlization.

Transient Inilialization

The main effect on LOCA evaluations dus 1o the change frem TACO? to COPERNIC is that
the improved furl conductivity model alters the RELAP'S fuel-to-clad gap initinlization. With
TACO3, the RELAPS gap model was initialized at steady state. Agreement with TACO3
initial volume-averaged fuel ternperature predictions was achieved by adjusting the
multipliers on the geseous conductance term coefficient. Multiplier values varied from 0.8 to
2.0. Although the multipliers were retained throughout the transient, they did not impose 2
significant change in the gap coefficient. With COPERNIC, an adjustment to only the
gaseous condustance wounld reqinre larger multipliers than are deemed appropriate for
application throvghout the LOCA transient. An alternative approach was chosen for the
MOX fuel lead 2ssembly analyses, specifically 1o initialize RELAPS with the COPEENIC
fuel temperatures and gareous condectance multipliers of 1.0. The core model will not be in
steady state at wansient initiation but the gap coefiicient wiil be appropriate for use during the
transient. The lack of a time zers steady state is not consequential bacause the cladding

response io a LOCA i= 2 rapid heatnp durinﬁltéﬂf: first one or two seconds of the Fansient.
This canses the cladding to pull awsy from the pellet Under this condition, the paseons

! C{}PERHE bz been approved by NRC For uze with U0; fuel. NRC review of COPEENIC for rpplication to
MOX fuel is underway with approval sxpectcd by Jamary 2003,
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conductance is the only significant contributor to the gap coeffbcient. Thus, the approach
improves the gap modeling for the LOCA transient relative to the current EM. A senzitivity
study docurnented in Section 3.7.1.3 shows that the effect om peak cladding temperature of
changing the gaseous conductance by & factor of 2.0 is small.

Initi e

The use of COFERNIC for LOCA initizlization necessitates a determination of the inftiel fuel
temperature uncertainties to be applied to the average core, the hot assembly, and the hot pin.
The measured-to-predicted distributicn for COPERNIC, Reference 12, demonstrates that a
constant temperature increment shonld be added to COPERNIC predictions to assure that 905
percent of the data gre bounded with 95 percent confidence at high temperatures. Thus, the
LOCA simulation for the hot pin should be initialized gt the COPERNIC prediction plus the
incremental adjustment. Assuming that the uncertainty distribution for COPERNIC is
approximately notmal, the relationships between the hot pin, the hot bimdle, and the average
core initial temperature predictions devesloped for TACO3 in Reference 13 (and epproved by
the NRC in Reference 14) remain reasenable for application to COPERNIC predictions.
TACO3 applications reguired that 11.5 percent be added to the hot pin initial temperature to
assure 2 95/05 prediction and that 3.0 percent be added to the hot assembly Lo assure 2 95/95
confidence. The comresponding temperature adjustments for core initialization with
COPERNIC are: 1) no adjusiment of the COPERNIC prediction for the average core, 2) the
hot assembly predicted temperature is increased by 26 percent of the COPERNIC inerermental
adjustment, &nd 3) the hot pin teriperaturs is incrsased by the full COPERNIC incremental
adjustment.

3.7.1.1.5 Platenium Conceniration in Fue] Pins

A MOX fuel Isad assembly contains three regions or zones of fuel pins, with each region
having a different plutenium concentration. The differing plutonivm concentrations will have
an cffect on the material properties of the pin, &s described in Section 3,7.1.1.3. This effect is
explicitly modeled in the analyses described in Section 3.7.1.3, and the results indicate that
the effect is negligible.

3.7.1.2 Evaluation Model Adjusttments Required for Lead Assembly LELOCA Calculations

This section deseribes the changes made to the approved Framatome ANP LBLOCA
evaluation modsl (References 4 and E35) for use in MOX lead assembly calcwlations. The
changes deseribed are directly relaled 1o MOX fuel effects.

3.7.1.2.1 Adjustmnents for COPERNIC
The techniqae for the lead assembly LELOCA calculations is altered as a resnlf of the vsc of

COPERNIL to specify initial fuel conditions. The alteration involves the inftialization of
RELAP5 with COPERNIC initie! fuel temperatures without adjusting the fuel-to-clad gap
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coefficient to produce a thermal steady state condition. The fuel 18 in a transient condition at
the start of the LOCA simulation. As discussed in Section 3.7.1.1.4, this approach offers the
benefit of preserving the gaseous conductance term of the fuel-to-clad gap coefficient
throughout the transient. Additionally, the initial fuel temperature upcertainty adjustments
were altered as described in Section 3.7.1.1.4 to r=flect the measured-to-predicted distribution
from the COPERNIC benchmarks.

3.7.1.2.2 Adjustments for MOX Fuel Physical Properties

The approved evaluation mode] uses fuel materials properties characteristic of LEU fuel. The
" evaluation for the MOX fuel lead assemblies uses fucl matenzls properties based upon the
COPERNIC code, which is under review for application to MOX fuel. Although these
properties do not differ substantizlly between MOX 2nd LEU fucl, the therma! conductivity
comelation within COPERNIC (for LEU fuel or MOX fuel) is improved over the conductivity
modzling previously incomporated in Framatome ANP evaluation models.

3.7.1.23 Rupture Modeling for Mid-5pan Mixing Grids

This section describes how the spproved fuel pin rupture model will be applied to fisel
assemblies incorporating mid-span mixing grids (MSMGs - non-structural grids centered
between struceural prids). For the purpose of determining bundle blockage characteristics
follawing cladding rupture, the Framatome ANP LOCA evaluation model assumes that the
incidence of rupture is distributed thronghout the upper two-thinds of the structural grid span
within which ruptore is calculated. For cores containing fuel assemblies with MSMGs, the
modeling rssumption is that the rupture density &t the location of maximum blockage is not
altered from that of 2 core containing no fuzl assemblies with MSMGs. Ruplure cooling is
modeled iy the hot assembly 2t only one elevation for cores with either type of grid
configuretion.

3.7.1.3 Representative LBLOCA Calculations

To provide validation of the expected LOCA results for the MOX fuel jead assemblies, a set
of large break LOCA comparison cases for LEU and MOX fuel assemblies, both of the lead
assembly design, were run. All cases simulated a full dovble-erded guillotine break at the
cold leg pump discharge with a Cp of 1.0 and an initial power disiribution peaked toward the
core outlet {10.3-ft elevation). Ail cases incorporated the evaluation model adjustments
described in Section 3.7.1.2, except us noted below for Case 2. The three cases are described
below.

Case 11 MOX fuel base case with nomina} gap conductance (See Section 3.7.1.2.1).
Case 2; MOX fuel case with 2.0 multiplier on nominat gap conductance.
Case 3: LEU fue] case otherwise identical o Case 1.
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These calculations demonstrated that no significant difference exists between the two fuel
types.

Tahble 3-2 lists the plant parameters and their values used in the caleulations. As indicated in
this table, the MOX fuel lead assemblies were held to a total peaking himit (Fg) of 2.4, four
percent lower than the limit for the resident LEU fuel. A sequence of events for Case 1, the
base MOX fuel lead assembly calenlation, is provided in Tebls 3-3. Table 3-4 shows the
results for fuel pins of three differing pletonium concentrations representative of the MOX
fuel lead assemblies.

Table 3-5 compares the base MOX fuel evaluation case {Case 1) with the same MOX fuel
assembly initialized with a fuel-to-clad paseous conductance cosfficient multiplier of' 2.0
(Case 2). Increasing the clad-pellet gaseous conductance coefficient to bwice its value
approximates the type of core initizlizalion that is used when the initial fuel temperature iz
obtained from TACQ3. The peak cladding temperature changes by about 13 degrees F. The
comparison of the MOX fuel (Case 1) and the LEU fuel {Case 3) results show e difference of
37 degrees F. This is expected, given the relatively minor differences in the modeling of the
two fuel types.

Figures 3-4 and 3-5 provide information abowt the evaluation mode] and the input models for
these catenlations. Figures 3-6 through 3-11 provide the time dependence for important
LOCA parameters based on Case 1. Note that there are no essential differences in calewlation
results between LEU fuel and MOX fur] with the modeling assumptions and conservatisms
used.

The conclusion from these cotnparison calculations is that:
1) The calculated LOCA performance of MOX fuel and LEU [uel is substantially
wnaffected by the diffsrence in the fissionable isotope even when no credit is teken
for the expected rednction in decay heat in MOX fuel,

2)  The impact of the EM core initialization technique, removal of the forced thermal
steady state requiremnent, is amall, and

3) 'The effect of different phstonium concentrations on peak cladding temperature
(PCT) is insignificant 2nd recd not be specifically modeled.

2.7.t.4 LBLOCA Analytical Basis for Operation

The LOCA analytical basis for operation of the lead aszemblies will be developed during
2002 and early 2003. It is cxpecied that the results will validate the allowed peaking

employed in the sample calenlations as shown in Table 3-2. The following caleulations will
be perforined to validate lead assembly operability.
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1) Time-in-Life (Bumup) Sensitivity Study to 60 GWd/MThm (assembly burmup)

2y Steamn Generator Design Effects Study (Three of the four MeGuire/Catawba units
bave replacement steam generetors of shightly altered design and lower tube

plugging.)
3} Power Distribution (LOCA Limitz) Study to Validate Kz

These calculations will employ the model adjustroents az described in Secton 3.7.1.2.

3.7.1.5 Small Break LOCA (SBLOCA) Evaluation

The primary SBLCUA issus is determining the cors mixiure level as a function of time. After
such 2 dstermination is made, stram preduction below the mixtere level is nsed with
convection-to-stearn and radiation heat transfer models ta determine cladding temperatures
abave the mixture level. For the MOX fitel bazd aseembly core, the resident fiel assemblias
dominzie the core mixiure level prediction, and the exasting licensing calenlations are
applicable to the lead assemblies. Steam is rapidly diverted from the hot agsembly to the
average core to achieve a relatively uniform steam velocity across the core. Hence, the steam
flow in the hot assembly at the location of the hot spot is characteristic of the sverage core
flow and ig essentially independent of the hot bundle power or configurationr. Therefore, 80
long ey the surface area for heat ttansfer or other local film coefficient effects are not altered,
there will be no effect on the predicted cladding femperature between the lead assemblics and
the resident LEE! fuel assemblies. The lead assemblias have the same heat transfer surface
area as the resident assemblies. The allowed local power of each MOX fuel lead assembly
will not excesd that allowed for the resident fue! asssmblies. Therefore, the calculated peak
cladding temperares for the lead assemblies will bz legs than those calcelated for the
resident fuel assemblies and it is appropriate for the lead assarablies to use the existing
SELOCA evzhiation as their ticensing basis.

3.7.1.6 Mmxed Core Lozdmg Effects

The MOX firel lead asgemblies will reside within 2 core of Westinghonse LEU fuel
assemblies. The lead a2ssemblies will be surrounded by resident LEU fiel assemblies having
the same physical dimensions and very similar hydraulic charactenistics. The MOX fuel lead
assembly design employs MSMGs and the resident fusl design uses intermediate flow mixing
grids (TFMs). The design of these mixing grids is such that the MOX fure] fead assembly
pressure drop is less than four percent lower than the pressure drop for # resident
Westinghouse fiel assembly at design flow mites. Hence, flow diversion favoring one fuel

assembly at the expense of the other design is expected to be inconsequential Therefore,
there will be no mixed core impact on the LOCA performance of the resident Westinghouse:

assemblies. The complete set of lead pssembly LOCA calculations will be done with the
average core modeled to simulate the hydraulic performance of the residend assemblies,
providing a direct evaluation of the resident fuel effects op the MOX, fuel lead assemblies,
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1.7.1.7 Conclusions

There are no significant differences in calculated TLOCA performance between LEU and
MOX fuel with the modeling assumptions and conservatisms selected. No adverse
consequences due to the presence of four MOX fuel lead assemblies in the resident core f
LELT fuel assemblies are expected. Therefore, during a postulated LOCA, the MOX fuel 1zad
assemblies behave essentially the same as the resident LEU fuel assemblies and the
caleulations for the resident asserablies can be applied to the lead assernblies. However, the
resident LEU Fuel assemhblies rely on a best estimate EOCA maodel as the licensing basis, and
the calculations described herein were performed with 2 deterministic madel To reconcile
this difference, the 95/95 bounding LOCA results for the resident assernblies are compared 1o
the lead sasembly representative results in Teble 3-6. This tzble will be reconstructed when
the final Licensing basis calculations are performed. The differences between the calculation
approaches and the assembly dasigns are identified within the table, These differences can, if
necesaary, be applied to fohure resident assembly calculztions to establish the expected impect
on the lead assemblies, This eliminates the need to perfornm calculations on both resident LEU
fuel assemblies and the MOX fuel Jead assemhlies in the event that revised LOCA.
cizleulations are needed. If the need for recalculation specifically concerns the performance of
the lead assemblies, specific lead assembly celculatiens will be made with the models
deseribed herein 2nd the relationship between the resident fuel and MOX fusl lead assembly
LOCA results reestablished.

3.72 Impacts of MOX Fuel Lead Assemblies on Non-LOCA Analyses

Al of the non-LOCA transients and accident analyses described in Chapter 15 of the
MceGuire and Catewha UFSAR: were reviewed to datermine the impaet of MOX fael lead
assemblics on the results and to verify that ecceptance criteria continue to be met. In addition,
the mass and energy release analyses in Chapter 6 of the UUFS AR were also reviewead for any
effect due to MOX fuel. Potential effects due to fuel 2aszembly design differsnces are
addressed in Ssction 3,7.2.2, The evaluation of MOX fuel effects resulting from changes in
core averape physics parameters is provided in Section 3.7.2.3. Some design bascs transicnts
and accidents are potentially sensitive to local physics parameters, and those are evaluated in
Section 3,7.2.4. Potential decey heat effects ere sddressed in Section 3.7.2.5.

31.7.2.1 Transients and Accidents Evaluated

The transients and accidents evaluated and the associated UFSAR sections are listed balowr,

1} Ildaz andd Eutiiy Fclcaat el yaiiz fn Tustulated Loza=ef-Corlail A idouis
(6.2.1.3) -

2)  Masz and Enerpy Release Analysis for Postulated Secondary System Pipe
Ruptures inside Containment {6.2.1.4)
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16)

20)

24)
25)

28)

27)
28)

29)

30)
31)

32)
33)
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Feedwater System Malfumctions that result in a Reduction in Feedwater

Temperature (15.1.1)

Feedwater System Malfunction Cansing an nerease in Feedwater Flow (15.1.2)

Exceagive Increase in Secondary Steam Flow (15.1.3)

Inzdvertent Opening of 2 Steam Generator Relief or Safaty Valve (15.1.4)

Steam System Piping Failore (15.1.5)

Steam Pressure Regulator Malfunction or Failure that Results in

Decreasing Steam Flow (15.2.1)

Loss of External Load (15.2.2)

Turbine Trip {15.2.3)

Inadvertent Closure of Main Steam Isclation Valves (15.2.4)

Loss of Condenser Vanzum and Other Events Ceusing a Turbine Trip (15.2.5)

Loss of Non-Emergency AC Pawer to the Stafion Auxiliaries (15.2.6)

Laoss of Normial Fecdwater Flow {15.2.7)

Feedwater System Pipe Break (15.2.8)

Fartial Loss of Ferced Reactor Coolant Flaw {15.3.1)

Caraplete Loss of Forced Reactor Coolant Flow (15.3.2)

Reactor Coolant Pump Shaft Seizure (Locked Rotor} {15.3.3)

Reactor Coolant Pump Shaft Break (15.3.4)

Uncontrolled Rod Cluster Control Assembly Bank Withdrawa! from 2

Subcritical or Low Power Startup Condition {15.4.1)

Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at Power (15.4.2)

Rod Cluster Cantrol Assembly (RCCA) Misaperation (System Malfunction or
Operator Error} {15.4.3)

Startup of an Inactive Reactor Coclant Pump at an Incorrect Temperature {15.4.4)

Chemical and Volume Control Systera Malfunction that Results in a Decrease in
Boron Concentration in the Reactor Coclant (15.4.6)

Inadvertent Loading and Operation of & Fuel Assembly in an Improper Position
(15.4.7)}

Spectrum of Rod Cluster Control Aszembly Ejection Accidents (15.4.5)

Inzdvertent Operation of Emergensy Core Cooling System during Power Opsration
(15.5.1)

Chernical and Volume Control System Malfunction that Increases Reactor Coolant
Inventory {15.5.2)

Inzdvertent Opening of 2 Pressurizer Safety or Relief Valve (15.6.1)

Break in Instrumeat Line or Other Lines from Reactor Coolant Pressure Boundary
that Penetrate Contaimment {15.6.2}

Steam Generator Tube Failure (15.6.3)

Anticipaled Transients without Trip (15.8)

Thermal-Hydraulic Differences

The MOX fue! lead azsemblies will be co-located with Westinghosise Robusl Fuel Assembly
{RFA) design resident fuel, which has Intermediate Flow Mixing grids (IFMs). The MOX
fuel lead azzembly design (Mark-BW/MOXT) is a Mark-BW design fuel assembly with Mid-
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Span Mixing Grids (MSMGs). The MSMGs are included in the design to improve thermal
performance and make the thermal-hydraulic design compztible with the resident REA
desipn. As a result, overall fizel assembly pressure drop for each of the fuel designs is within
about 4%.

For a McGuire or Catawba core with hoth Mark-BW/MOX]1 lead aseemblias 2nd RFA fuel
assemblies {referred to as a mixed core) the impacts of differences in hydraulic design and
mixing vane grid performance of the two fuel assembly types are explicitly analyzed. Asa
result, each fuel type has specific limits that include the effects of flow vaniations as well as
fuel aszembly feature performance.

The behavior of the minimum departure from nueleate hoiling ratio {DNBR) is calculated for
a limiting mixed core of Mark-BW/MOX]1 and RFA fuel assemblies. The limits derived from
this caleniation are applied to the Mark-BW/MOX]1 lead assemblies to ensure DNBR cnteria
are met.

3.7.2.3 Comparison of Core Average FPhysics Parameters

The addition of four MOX fuel lead assemblies to an otherwise all-LEU core has ne
significant impact on the core average physics parameters shown in Tebles 3-7 through 3-10
for a typical McGuire/Catawba reactor core. These tables summarize the differences in
various core physics parameters between iwo representative core madels. One core model
(desipnated MOX in the tables) had four MOX fuel assemblies in locations typical of the
planned lead assembly core. The second core model (designated LEU in the tables) had at]
LEU fuel assemblies. In the second core model the four MOX fue! assembly Focations were
replaced with four LEU fuel assemblies that were chesen so that the boren letdown and
assembly powers were 8s close as possible to the first core model with the four MOX fuel
assernbliss. Depletion simalations were then run on both core maodels and the core physics
parameters caleulated st various effective full power days during the simulation uns. The
comparisons in Tables 3-7 through 3-10 demonstrate that the presence of four MOX fnel
assernblies in an otherwise o)l-LEU core dees not produce a signilicant change in any of these
coTe physics parameterss.

In the first cycle of opezation the four MOX fuel assemblies will be placed in unrodded
symmetric core locations. The planned core desigm is an In-In-Out checkerboarnd reload
pattztn similer to that used in previous cycles. The reload vatue for each physics parameter
used in the safety analysis and maneuvering analysis will be confirmed to be within the
reference vatues previously calculated as described in References 16 and 17. If any of the
reload values fall outside the reference values, the core design or safety limits will he
modified and/or changes made 1o the core operating limits 2s allowed in the Core Operating
Limits Report.
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3,7.2.4 Comparison of Local Core Physics Parameters

The transients and accidents that are sensitive to local physics parameters include:

1) Control red ejection,

7)  Rod Cluster Control Assembly (RCCA) misoperation (withdrawal/drop),
3) Stearn system piping feilure, and

4)  Fuel agsembly misloading.

Tn the first cycle of operation MOX fel assemblies will be unrodded and located away from
foel assemblies having significant ejected control rod worth. Thus the power increase that
would accur in & MOX fuel lead assembly location duering & rod gjection accident is
substantially less than the power increase that would accur in LEU fuel located in the vicinity
of the highest worth gjected control red. Maintaining key core parameters within present
reference velues insures that hoth core wide and localized responses to a rod ¢jection in a core
with MOX fuel lead assemblies are no more limiting than for a core containing only LEU fuel
assemmblies.

A control rod ejection simnlation was performed with four MOX fuel assemblies placed in
their most likely locations in a representative core. This analysis was performed with
SIMULATE-3K MOX (Reference 5) and included appropriate comservatisms on ejected
control rod worth, delayed neutron fraction, fuel teraperature cocfiicient, moderator
semperature coefficient, canirol rod trip worth, and trip delay time. The caloulated peak
enthalpy in the core under EQC HZP conditions was 54 calories per gram and occurred in 2
LEU fuel assembly located face adjacent to the gjected control rod lecation. The peak
enthalpy predicted in 2 MOX fuel lead assembly was 30 calories per gram. Therefors, for the
core desipn contemplated for the MOX fiel lead asseinblies, the control rod ejection accident
calculation resnlts are benign relative fo current regulatory acceptance criteria for LELF fuel.
Furthermore, the conservatively-calculated MOX ficl energy deposition values are well
Pelow values al which cladding failure bas been observed in CABRI reactivity insertion
sccident tests involving MOX fuel. Tt can be concluded that four MOX fuel lead assemblies
can be used without presenting an undue risk 1o the healih and safety of the public due to
postulated reactivity insertion events.

Single control rod withdrawal and contro! rod deop events are not expected to be impacted by
the introduction of four MOX fuel lead zssemblies, As previously noted, the MOX fuel lead
assemblies will not be placed vnder conirol rods in the first eycle of operation. For later
eycles the assembly reactivity and rod worth for any control rod inseried in a MOX fuel
assembly will be insignificant. Thexefore, the MOX fuel assemblies will not be in the limiting
care locations for a single withdrawal or drop. The reload values for the conirol rod worths
will be within the reference values contzined in the safety analysis. Resulls sre expected 1o be
nn ifferent than for anv tvpice! core reload.

Steam system piping failure with the most reactive rod stuck will not be impacted. The
introduction of the four MOX fuel lead assemblies in unrodded kocations will not significantly
alter the Tod worth of the most reactive rod. The core design wilt control the worth of the
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most Teactive rod and the target value for the reload will be less than the reference value
contained in safety analysis such that the current aceeptance criteria for this accident will be
met,

The analysis of operation with a misloaded fuel assembly will not be significantly impacted
by the introduction of four MOX fuel lead assemblies. Administrative measures are used to
ensure against misloaded fuel 2ssemblies, and additional assurance of detecting misloading is
provided by core power distribution measurements during plant startup, The administrative
measures are equally effective for MOX fuel. MOX fuel assemblies have much lower
thermaz! nentron flux than LELT firel assemblies for the same power level. Therefore, 8 MOX
fuel xssembly misloaded into a LEU location {or vice versa) would be even mors apparent
from 2 core flux map than a misloaded LEU assembly in 2 LEU location. Finally, the planned
reactivity for the MOX fuel assemblies was chosen to be similar to the reactivity of the co-
resident LEU assemblies. Accordingly, the equally reactive MOX assemblies would have no
more of zn impact if misloaded than a similer misloaded LEU fuel assembly. In addition
MOK fuel ass=mblies have about one balf of the thermal flux of 2 LEX assembly, Ax aresult,
a mistoaded fuel assembly would be readily detected, given that the incore detector signal for
a LEUJ aszembly loaded in a MOZX fuel location would be much higher than the expected
signal for the MOX fuel assembly. Therefore, given that MOX and LEU fuel assemblies are
equally reactive and misloading of @ MOX fuel assembly is readily detectable, the enalysis of
a misloaded fuel assembly witl not be adversely impacted by the use of MOX fuel lead
assemblics in the core.

3.725 Decay Heat

MOX fuel and LEU fusl differ in their decay heat levels. Analyses of MOX fuel and LEU
fuel decay heat Jevels have shown that LELT fuel has a slightly higher decay heat level |
immediately after shutdown and for several days after shutdown as shown in Figure 3-12.
Therefore, assurming LELl foel decay heat levels for all fuel in the core is conservative for
those analyses where higher decay heat levels are more limiting for several days after
shutdown. Furthermore, the four MOX fuel lead assemblies will have no significant impact
on the post-shutdown decay heat levels in the core because (i} the differcnce in decay heat
ievel is small and (i) four MOX fuel rssemblies comprise only about 2% of the 193
assemblies in the core. Therefore, the differing decay heat leve] of the MOX fiel lead
assemblies will have no adverse impact on analysis results of UFSAR transients and
accidents,

3726 Conchisions
Al of the nor-LOCA transients and accidents contained in Chapters 6 and 15 of the McGuire

and Catawha UFSARs were evaluated in this section to determine the impact of the MOX fizel
lead assemblies. Conclusions are as follows: '
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1}  There are no significant differences in the thermal-hydranlic parameters for the MOX
fuel lead assembly fuel design. The impacts of the differences in hydraulic design and
mixing vane grid perfonnance of the two fuel assenbly types are explicitly analyzed.
Mo adverse irapact is expactsd on any of the Chapter & or 15 analyses figted in Section
3.7.2.1 due to thermal-hydraulic differences in the MOX fiel design.

2) Thereis no significani impact expected o the core averege physics paremieters.
Therefors, there will be no impact on Chapter 6 and 15 analyses listed in Section 3.7.2.1
duoe to changes in core average physics parameters by the introduction of MOX fuel lead
assemblies. This will be confirmed es a part of the pormal reload desipn and safety
review process for the cors in which the MOX fuel lead assemblies are ultimately nged.

3} Changes in the Jocal physics parameters due to the presence of four MOX fuel [ead
assemblies are small and wil! have no adverse impact on any of the analyzed UIFSAR
transiems or accidents.

4}  The short ferm decay heat level of the MOX fuel lead assemblies is less than comparable
LEU firel assemblies and will have no adverse irnpact on the UFSAR transients and
accidents.

The overall conctusion of this evaluation is that the introduction of MOX fuel lead assemblies
into any of the McGuire or Cetawba reactor cores will have no significant impact on the nen-
LOCA UFSAF. transients and accidents listed in Section 3.7.2.1.

3.73 Radiological Conseguences of Postelated Accidents

The differences in radiological consequences for sclected desipn basis accidents (DB As) for
an all-LEUf core smd a core containing four MOX fuel lead assemblies were evahiated for
Catawba Nuclear Station. Radiation dozes for a nimber of seenarios estociated with these
DBAs were calculated to determyine the difference in results batween MOX and LEU fuel.
The relative differences in radiation doses for the same 2ccidents would be the same for
MecGuire Nuclear Station.

Primarily, the use of MOX fusl lsad essemblies has the potential to affect the dose
consequences for the following DBAs:

1} Fuel handling aeeidents (FHA) in containment,
2) FHA in the foel bnilding, and
1) Weir gate drop.

These DBAs are important since the dose consequences are independent of the number of
MR TUEI A3SEIONeS; L., W EsUis e appludbls wholo o mo vuly o few BIOT Faxd

gssemblies or many fus] assemblies. Source terms and radioactive releases to the
environment are postuiated for several other DBAS (rod &jection-aceident, locked rotor
acecident, loss of coolant aecident). However, the relative comtibution of the four MOX fuel
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lead assemblies to the scurcs term will be sipmificantly smaller for these DBA’s compared to
the FHAs and weir gate drop accident. The FHAs and weir gate drop accidemt are the limiting
DBASs in terms of evaluating the relative difference in post-aceident radiation doses between
MOX and LE1I fuel. Therefore, radiation doses were specifically caleulated for FHAS and
weir gate drop accidents and the results compared for LEU fitel and MOX fuel. The analyses
were ¢ondueted in conformance with the regulatory positions af Regulstory Guide 1.25 and
the guidelines in Standard Review Plans (SRPs) 15.7.4,9.4.1, and 9.4.2.

The fizzsion product isotopic content of a MOX fagl assembly differs somewhat from the
fission product isotopic content of a comparable LELT fuel assembly. Fission product isotopic
contents were calculated for (i} 2 MOX fuel assembly with a nominal piutonium concentration
of 4.4 w/o and (ii) a LELf fuel assembly with an enfichment of 4.25%. Calculated thyraid
radiztion dases veing this MOX fuel source term were compared to thyroid doses calenlated
with the LEU fuel source term. The calculated doses were about 3% higher using the MOX
fuel source term, primarily due to the increase in the I-131 inventory. Specifics of the
calcutations for each accident ars described in the follewing paragraphs.

3.73.1 Fuel Handling Accident

Radiation doses were caleulated for the foliowing FHA scenanos;

1) FHA in corttaimment, offsite power available, failure of the operating train of the
Control Room Area Ventilation System {CRAVS).

2} FHA in the fuel building, failure of the opzrating train of the Fuel Handling
Ventilation Exhaust System (FHVES).

3)FHA in the fuel building, offsite power available, faiture of the operating CRAVS
train.

Twa sets of radiztion doses were calculated for each scenario. Omne calculation assumed that
damage occiared in LEU fuel assemblies. The second caleulation assumed that damage
cccured in MO¥X fircl assemblies. The limiting difference in radiation doses was determined
to be due to the difference in thyroid radiation dozes. The thyroid radiation doses for the
MOX fuel cases were calculated to be shout 3% greater than the EEU fuel cases for these
FHA scenarios. Radiation doses for ali MOX and LEU scenarios were within the puideline
values in SBPs 15.7.4 andd 6.4.

3.7.3.2 Weir Gate Drop Accident

Far the weir gate drop accident comparison, seven MOX fuel assemnblies of the same type

-werg assumed to be damaged. This conservative assumption was made even though only four
MOX fuel lead assemblies are present. This assumphion also altows for a dirgcl cOmpanson

to the weir gate drop accident involving only LEU fuel assemblies since this analysiz 2ssumes
that seven fuel assembhlies are damaged. Eadiation doszes were calculated for the following
SCEMATios:
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1) Weir gate drop, failurs of the opsrating FHVES (rain.
2) Weir gate drop, oftsite power available, failure of the operating CRAVS train.

As for the FHAs, two gets of radiation doses were calcutated for each weir gate drop scenario;
one assuming the damage occutred in LEU fuel assemblies and the other assuning the
damage occurred to fugl assemblics containing MOX fuel. As was the case for the FHA
scenarios, the limiting difference in radiation doses between MOX fiet and LEU fue! for the
weir gate drop scenarios was due to the difference in thyroid mdiztion doses, The thyroid
radiztion doses for the MOX fucl cases wese caleulated o be gbout 3% higher than the LEU
fuel cases for the weir gate drap scenarios. The calculated radiation doses for all scenzrios
were within the gwidalive vahaes of SEPs 15.7.4 and 6.4.

3.7.3.3 Other Design Basis Accidents

The effeciz of MOX fuel on thyroid tadiation doses fot other DBAs will be sigraficantly less
tham the effect on FHLAs and weir gate drop accidents. The relative contribution of the MOX
fuel assemblies to the sovrce term for other DB As is muck smaller since (e thyroid radiation
dosc increase is penerally proportions] to the increase in I-131 inventory and to the number of
MOX fuel assernblies in the core. Since the MOX fuel 1ead assemblies will constitute anly
four out of 2 tatzl of 193 fuel assemnblies in the core, the effect of the small increase in the
source term for a particuler isatope in 8 MOX fuel sssembly would have a negligible impact
on DEAg that use a core-wids source term.

Insertion of MOX firel lcad assemblics would have a small ¢ffect on thyreid radiation doses
for DNB-limited accide=its, which involve core-wide fire] failure assormptions. These inchide
the locked mtor accident, single rod withdrawal accident, and red ejection accident.
Agsuming the most conservative scenano in which the MOX fuel assemblies £ail
preferentially, the Timiting fhyroid radiation dases calcnlated for the locked rotor accident are
ghout 0.4% greater for 2 core with four MOX fuel assemblics than for an all-LEU core.
Similarly, the limiting thyroid radiation doses for the rod ejection accideni would increase by
at most 0.2% and the calculated LOCA doses would inrrease by less than 0.1%. The analyses
and evaluations deseribed in Sections 3.7.1 and 3.7.2 conclude that the MOX fael assemblics
should not fail preferentially in these events,

1734 Whole Body and Skin Doses

Whole body radiation doses showed esscntially na change for any of the FHAS or weir gate
drop accidents. Skan radiation dose to the ¢control room operators decreased for MOX fuel

relative o LEUI fuel. Whaole body and skin radiztion doses are influenced primarily by the
activity of other radioisotopes, mn parhcular, the noble gases. [n general, The activities of the

aoble gas radivisotopes were shown to either remain essentially unchanged or decrease m
MOX fuel relative to LELJ fuel.
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3.7.3.5 Frach MOX Fuel Assembly Drop

Both plutonivm and uranium are alpha emitters, but the plutonium tsotupes in MOX fust have
& much shorter half-life than the uranium isotopes in LEU fuel. Therefore, plutonium has a
rmuch higher specific activity level than uranivm and can present s mare severe radinlogica?
hazard if inhaled. Protection against mhatation hazerds is provided by the physical form of
plutonium in insoluble ceramic pellets that are contained within welded metai rods. However,
if & fresh MOX fucl assembly is severely damaged prior to being placed in the spent fuel pool,
it is theoretically possible that some plutonium might become airbomne and therefore pose the
possibility of an inhalation risk.

Accordingly, a bounding analysis of the offsite and control room radivlogical consequences
was performed for a drop of a fresh MOX fuel assembly in air. Due to the limited amount of
data on the expected damage and 1elease fiom such an oceurrence, very conservative
assumptions snd modeling were smployed. Because af the bounding nature of the analyses,
especizlly in predicting the arnaunt of fuel assembly damage, subsequent nirbomes release and
filtration, the expected amount of fuel aszcmbly damage, and subsequent release would be
boumded by this model. Where applicable, more conventional and conservative assumptions
were made including licensing basis dispersion factors and Federal Guidarce Report
{Reference 18) dose conversion factors, Using these extremely conservative assumptions, the
resulting calculated dose for both the exclusion areza boundary (EAR) and the control room
from 2 30 foot drop was about 0.3 Rem TEDE, More realistic assumptions resulted in
calculated dozes of less than 0.1 Rem TEDE for the EAB and contro] room. These results are
much Jower than the EAB dose limits af 25 Rem TEDE or control room dose limits of 5 Rem
TEDE.

38 RISKIMPACT OF MOX FUEL LEAD ASSEMBLIES

The use of four MOX fuel lead assemblies {out of 2 total of 193 fuel assemblies ir: the core)
will not significantly changs the rigk to public health and safety that is posed by opemation of
McGaire and Catawba,

Duke uscs probabilistic risk assessment (PRA) analyses to avaluate the risk to public health
and safety due to operation of its nuclear plants. PRA analyses quantify the probability and
consequences of severe accidents that invelve core melt and containment failure events. Key
considerations in PRA analyses are equipment requirements to prevent core melt (success
critenia); ice melt times, contamment pressurization rates, and potential containment faflures
{(containment performance); and doses to the public {offsite consequences). The atiributes of
MOX fuel that impact these sreas are fundamentally similar to wanivwm fuel, as discussed
balow.

- Tlan Wl.l.n.E.u-.l:ﬂ-l-iUl.l. Tl l.rlsu:l.l. hﬂ“}‘}m‘i&‘, iﬂ.tlud,;_nﬁ Pmn:_qu and aativa nnftlr

systems, is unaffected by the type of fuel in the core.
» Fuel characteristics: As discussed in Reference 1, MOX fuel is fundamentsily similar
to conventional LEU fuel. Both MOX and LETJ fuel consist of sintered ceramic
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pellets with very similar matenial properties. Both MOX and LEU fuel are clad with
zircomium zfloy metal. The MOX fuel assembly design is very similar to the resident
LEU fuel assembly design.

. Decay heat: Decay heat from MOX fise] is slightly lower than decay heat from an
ecrrivalent LEU fuel assembly during the time frame of concem for core melt
accidents.

. Radiomuchde inveniory: Iradiated MGX fuel has a somewhal different radienuclide
inventory than LEU fuel. For fission products, the same radionuclides are present, in
generally similar amounts, as discussed in Section 3.73 (Radiological Consequences
of Design Basis Accidents). Irradiated MOX fiel contamns significantly more
actinides (plutonium, neptuninm, americium, and cerium) than equivalent rranium
fuel. However, these elements do not transport to the environment nearly as
effectively as lighter radionuclides. Therefore, the dose consequences of the actinides
are small relative to radionvclides like iedine and cesium.

Due to the fundamental similarity between MOX firel assemblies znd urenivm fuel
assemblies, anxd the identical plant configuration, four MOX fuel l2ad assemblies will have no
apprecizhle impact on the thermal-hydraulic response of the core. Success criteria are
dominated by the plant configuration and core decay heat, and four MOX fuel lzad assemblies
will therefore have no adverse impzct in this area. Containment performance is also
dominated by the plant configuration and core decay heat; again, no adveras impact on severe
accident consequences would be expectsad.

The largest impact of MOX fuel nse will derive from differences in the original radionuclide
inventory. The most important radioauclides from an offsite dose perspective are volatile
fission products like cesium and jodine. Thosz radioneclide inventorics are generaily similar
for MOX and LE(] fuel. Higher actinide conceniraticns in MOX fuel have the potential to
cause higher offsite doses, but this is 2 smaller effect. In Reference 19 the Departrment of
Energy evaluated several severe accident sequences at McGuire and Catawba for cores
containing all-uranium fuel and cores containing epproximately 40% MOX fuel. In the DOE
analyses, offsite consequences from severe accidents rmged from minus 4% to plus 14%
compared to LEU fuel. For cores containing four MOX fuel lead assemblics (2% of the total
pumber of fuel assemblizs), the potential impact on offsite consequences from severe
accidents would range from zbout minus 0.1% to plus 0.3% compared to LEU fuel.
Accordingly, it is concluded that operation with up to four MOX fuel lead assemblies will
have Bo significant impact on public health risk st either MeGuire or Catawba.
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Atteehment 3

Description and Techmical Justification

Table 3-1 Mark-EW/MOX1 Preliminary Deslgn Summary

Vzlos
Farameter _:ﬂ:d:md Mark-BW Mark-BW/MOX1
Pellets
Fuel Pellet Materinl Entiched UD; FuD; and
Depleted L0,
« Fuel Pellst Digmeter, in - 0.3225 13225
Fugl Pellat Theorstical Density, %TD 0 a5
Foel Pellet Valome Reduction: due to Chemnfirr gnd Dish, % 1.24 1.0
Rods
Fuel Fod Lengts in 152.16 152.40
Fuel Rod Cladding Material Ms™ M5™
Fuel Rood Ioside Tharenter, in 0.3 0319
Fucl Bed Outside Diameter, in 0.374 0374
Active Fuel Stack Heipht, in 144 144
Maximum Fusl Eod Burnup, MWdAThm 60,000 50,000
Azemhblics

Fuel Assembly Lengtk, in 159.8 159.2
1 attice Geometry 17x17 17x17
Foel Rod Pitch, in 0.496 [.496
Number of Foel Rods per Assembly 264 264
Heavy Metal Loading per Assembly, kg 466.1 462.6
Tote! Frel Assembly Weight, kg 6749 670.9
Nurmter of Grids

Bottom End 1 1

Veneless Intermedints 1 i

Vaned Intermediate 5 5

Mid-Span Mixing 3 3

Teop End 1 1
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Attachment 3
Description and Technical Justification
Table 3-2

Plant Pararnetars and Gperating Gonditlons
lUsed In LOCA Evaluation

Parameter Value
Reactor Power (MW} 3411
Pressurizer Operating Pressure {psia) 2310
System Flow (gpm) 382,000
Hat Leg Temperature (degrees F) 616
Cold Leg Temperature (degrecs F) 535
Core Average Linear Power Generation Rate’ (kW/Ht) 5.69
Highest Allowabls Total Peaking for MOX Fuel Assembly (Fo) 2.4
Het Pin and Hot Assembly Redial Peaking Factors 1.60
Core Axial Peaking Factor 1.50

* Increased to include 102 percent of rated power
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Description and Technical Justification

Table 3-3

Case 1 - Sequence of Events for MOX Fuel Lead Assembly Calculation

Event Time {seconds)
1.eak Initiation 0
Accurnulator Injection Beging 12.8
End of Blowdown 25.3
Bottom of Core Recovery 8.7
Rupture in Hot Assembly 73
Peak Cladding Temperature (unruptured node) 130
Tabla 3-4

Plutanium Loading LOGA Resulls Comparison

Calculation Results 1.3-;;; o 3.6§;Pu 4.4;,;:;1 n
Feak Cledding Temperature {(degrees F) 2018 | 2017 2017
PCT Location {f1) £8 5.8 3.8
Peak Cladding Termperzture at Rupture
Location (degrees F) 1841 1841 1841
Hot Pin Rupture Location (1) 9.7 9.7 Q.7
Hot Pin Rupture Time (8e5) 73 73 13
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Attachment 3

Description and Technical Justification

Table 3-5

LELOCA Sample Galculations Comparlson

Case 1 Case 2 Case3
Resulis MOX Fuel MOX Frel LEU Fuel
21x Gzp Faetor
Peak Cladding Temperature Data (Peak Pin Bata)
Peak Cladding Temp. (degrees F) 2018 2005 19281
PCT Location (it} 8.8 8.8 8.8
Rupture Node Data
Peak Temperature at Rupture 1841 1783 1753
Location (degr=es F)
Hot Pin Rupture Location (A} 0.7 0.7 9.7
-Hot Pin Raphire Time (sec} 73 73 1
Oxidation Datn
Max, Local Oxidation” (percent) 4.5 4.6 4.0
Location of Max. Oxidation (ft) £.8 8.8 8.8

* Local Oxidation at the end of 400 second siprulatipn.

3-43




Attarhment 3 .
Description and Technical Justification

Tabla 3-6

Comparison of Resldent Fuel LOCA Calsulation to

MOX Fuel Calculation

MOX Resident
Fuel Fuel Diflerence
(95 percentile)
Highest Allowahle Total Peaking (Fo) 24 2.5 0.1
Pesk Cladding Tempemture (degrees F) 2018 2056 -38
Maximum Local Oxidation’ (percent} 45 10 5.5
* After 400 seconds
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Description and Technical Justification

Tahle 3.7

Boron Letdown, Assembly Power, and Fin Power
Comparisons bebween MOX Fuel Lead Assembly end LEU Cores

EFFD | FOWER BORON MAX ASSY FOWER | 2-D PFEAK PIN POWER
{percent) {ppm) ZRPF 2PIN

. MOX | LEU {DELTA| MOX | LEU DELTA] MOX t LEU DELTA
0 0 1832 | 18151 17 1.407 11334 | 0.073 | 1.557 | 1.498 0055
4 10 1242 | 1235 7 1,251 | 1.284 | 0.007 | 1.426 | 1.423 0.003
12 190 1224 11218 ] 1272 1 1277 | 0005 | 1.411 | 1.418 0007
23 1400 1234 ) 1230 4 1.272 | 1275 | 0003 | 1416 | 1.420 -1.004
50 100 1260 | 1258 2 1270 | 1.270 | 0.000 | 1.421 | 1.421 0.000

10 100 1249 112503 -1 1.321 [ 1.317 ] 0.004 | 1400 | 1.397 0.004

150 100 1170 | 1173 -3 1.345 | 1.340 1 0.005 | 1.414 | 1409 0.005

200 100 1046 [ 1051 | -5 | 1357 | £.353 | O.004 ) 1430 | 1.425 0,005

2510 100 g2 | BUE -6 1373 ]1.365 | 0.008 | 1.437 | 1.431 0.006

300 100 20 | J2E -5 1373 | 1.366 | 6.00% | 1,435 | 1.425 0.010

350 100 3537 | 545 -8 1361 | 1.354 | 0.007 | 1.424 | 1.413 0.007

400 100 f 350 | 359 -0 113391332 | 0.007 ] 1.395 | 1.388 0.007

450 100 164 | 173 -0 11313 | 1.307 | 0.006 | 1.368 | 1.362 0.006

470 100 91 100 -5 1302 11297 ] 0.003 | 1.357 | 1.351 0.005

490 100 19 28 -8 1.263 | 128% | 0.004 § 1.347 | 1.342 0.005

495 100 1 10 -0 1.261 | 1.287 | 0.004 | 1.344 | 1.340 0.004
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Description and Technical Justification

Tahle 3-8

Beta-Effective and Prompt Neutron Lifetlime
Comparisons between MOX Fuel Lead Assembly and LEU Cores

POWER BETA- PFROMPT
EFFD (percent) | EFFECTIVE | DELTA | NEUTROK | DELTA
LIFETIME
MOX 4 100 0.0060% 15.74
LELS 4 1090 0.00622 003 16.03 -{}.29
MOX 495 100 0.00504 1%.57
LELT 445 100 000509 -0.00005 18.76 -0.19
Table 39

Equilibrium Xenon Worth Comparisans between
MOX Fuel Lead Assembly and LEU Cores

EFPD |POWER | EQUIL.XENOK WORTH
{percent) {pcm)
MOX | LEU | DELTA
4 100 2389 | -2415 26
200 100 -2625 | -2640 15
495 100 -2836__ | -2851 15
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Description and Technical Justification

Table 3-10

Comparisans of Isothermal Temperature Coefiiclent,
Moderator Temperature Coefficlent, Dopplar Ceefficient, and
Differential Boron Worth between
MOX Fuel Laad Ascsembly and LEU Cores

EFFD | POWER | BORGN ITC (pem/F) MTC {pcm™T)
(percenty | (ppmb) { MOX | LEU |DELTA| MOX ! LEU {DELTA

0 100 1832 -B.48 -8.05 | -043 -7.03 | -6.60 -0.43

0 0 1832 347 | -310 | -037 -1.76 | -1.40 .36

4 100 1242 -13.84 |-1347| -0.37 | -1240 | -12.04 | 036

4 0 1242 -8.15 L7885 | -0.30 645 | -6.18 0.28
200 100 1046 -18.34 |-1795]| -0.39 | -16.85 | -16.47 | -0.38
200 0 1046 -10.90 | -10.60]| -0.30 918 | -8.89 0.29
495 100 1 -37.56 |-3725]| -031 | -3592 | -3561 | 031
495 0 1 2647 |-2625| -022 | -2466 | -2443 § 023

EFFD | FOWER | BORON DOPPFLER. DIFF BOERON WORTH
(percent) | (ppmb) {pc/°F) {pcoVppm)
MOX | LEU | DELTA | MOX | LEU | DELTA

0 100 1832 -1.45 | -145 0.00 £.19 | -6.30 0.11

0 ¢ 1832 -1.71 -1.70 | -0.01 -5.54 | -6.68 0.14

4 100 1242 -1.44 | -143 | 001 530 | -6.40 Q.10

4 0 1242 169 | -167 | 002 | 566 | -6.78 0.12
204 160 1046 -1.49 | -148 | -0.01 549 | -6.56 0.07
200 G 1046 172 | -171 | 001 -5.82 | -6.89 0.07
495 100 1 -1.64 | -1.64 0.00 -7.84 | -8.01 0.07
495 0 1 -1.51 -1.82 0.01 -8.28 | -8.35 0.07

Mete: Boroo ecncenbiations in this tahle are for g representative core with MOX focl Je2d assermblies. Table 3.7 has
the corresponding boron coneentrations for an all-LEL core
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Figure 3-1 Mark-BWMOX1 Fuel Rod Design

1 High Density
o "E",?é’ El:j'; per {85% TD) M5 Cladding
\ Fuel Stack
i
Si"g’fa‘z’gf"g Lower Pressure Drop
Bullet-Nose
Lower End Plug
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Description and Technical Justification

Figure 3-2
Reactivity Insertion versus Vold Fraction
Infinie Lattice WO; at MTC = 0.0 pcm/degree F
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Figure 3-3
Decay Heat Rate Comparlsons

MOX and LEU Fuel Flssion Products plus Actinides
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Figure 3-4

Framatome ANP Reeirculating Steam Generator
LOCA Evaluation Model Codes

E0B Condilinns

RELAPS/MOD2-B&W - REFLOD3B
Blowdown Refil’Reflcod

(Systems Calculation) {Systems Calcuiation)

EOB Conditions
BEACH"
» Refill/Reflood
(Hot Channel Calculation) |, Transient BCs
[Strip & Restart RELAPS Casel]

*BEACH is & set of reflopd hest transfer subnoutines in RELAPS.,
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Flgure 3-5

RELAPS/BEACH Core Noding with Mid Span Mixing Grids
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Figure 36
RGCS Pressure for MOX LOCA Calculations
during Blowdown {10.3 ft Axlal Peak)
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Flgure 3-8
Fuel to Clad Gap Multlplier Study Results (10.3 ft Axial Peak)
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Figure 3-9
Fue! to Clad Gap Multipller Study
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Figure 3-10
Hot Pln PCT MOX Lead Assembly
ve. LEU Assembly {10.3 ft Axlal Peak)

000 LEGEND
WIOX LA

500 — — LEUFA
20001
1500
1000
B0

o

o 50 100 150 200 250 o o 400

Flgure 3-11
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Flgure 3-12
Ratlo of Short Term
MOX FuelELEU Fuel Dacay Heat

Typlcal MOX/LEU Fuel Decay Heat Ratio

1.0 7

1.0 3

1.000

0654

B.BEG

054

8620

£.800

Time [bea]

3-56




Appendix 3-1

Criticality Evaluation of MOX Fuel Storage in the McGnire and Catawha
Spent Fuel Pools
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A3.1. Introduction/Background

The focus of this analysis is to evaluate storage of MOX Fuel lead assemblies in the
McGuire and Catawba spent fuel pools. In particular, this analysis will determine
whether the cwrent low-enriched uraninm {LEL) fuel storage configurations and
strategies employed at MicGuire and Catawba will be adequate to store MOX fuel in
accordance with regulatory subceniticality limits.

Section A3.2 describes the pertinent fuel storage facilitics at McGuire and Catawba. The
layout, physical characteristics, and storage capacities of the new fuel and spent fuel
storage areas are detailed. In addition, the general procedure for receiving, storing, and
reactor loading of fuel assemblies at the facility is discussed.

Section A3.3 describes the reference MOX fuel assembly design, and compares this with
the LEU foel currently vsed in the McGuire and Catawbe reactors. Perlinent eriticality
modeling parameters are provided for the reference MOX fue! assembly.

A brief discussion of the general newronic behavior of MOX fuel constitutes Section
A3.4. These nuclear charactenistics will help both to guids the subsaquent MOX
criticality calculztions and to explain the observed results from these caleulations.

In Sectian A3.5 the computer codes used for the MOX fuel starage criticality analyses
are identified. This section also describes and discusses code benchmarking to
appropriate MOX fuel critical experiments.

Finally, Section A3.6 contains the crificality analysis for MOX fuel starage in the
McGuire and Catawba spent fuel pools {SFPs). This criticality evaluation is performed in
accordance with the methods that have been vsed in counterpart SFP enalyses for LEU
fuel storage. Both normal and accident conditions are considered. To help simplify the
requigite calculations, the analysis does not take any reactivity credit for MOX focl
burpup.

Al-1
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A3.2, Fuel Storage Facilities at McGuire and Catawba

Figure A3-1 shows an averhead view of the pertinent fuel storage areas in one of the
McGuire fuel buildings. This layout is typical of the two {2) fuel buildings at McGuire as
well as the rwo (2) fuel buildings at Catawba. Fresh fuel is first received in the new fuel
receiving area gnd stored temporarily prior to being removed from its shipping container.
Upen removal from the shipping container LEU fuel assemblies are placed in a new fuel
storage vauli (NFV) location for inspection and then are either kept in the NFV or
transferred to the spent fugl pool (SEP) for storage prior to reactor irradiation. MOX fuel
assemblies, on the other hand, will be placed directly in the SFP once they have been
received on-site — the NFVs will not be used to store MOX fuel assemblies. Fresh foel
and irradiated reload fuel assemblizs (both LELF and MOX) are transported 6 the reactor
via the water-filled Fuel Transfer Area. Discharged fuel assembilies from: the reactor are
also remmed to the Spent Fuel Pool through the Foel Transfer Area. Qualified spent fuel
assemblies {currently LEU only) may be loaded into dry storage cesks in the Cask Area.
Omee the dry storage casks are drained, sealed, and decontaminated, they are taken to the
on-site independent spent fuel storage installation {(ISFSI) for intenim storage.

- The SFPs are designed to slore fresh and irradiated fuel assemblies in a wet, borated
environment. The McGuire SFPs are divided into two regions: Region 1 and Region 2.
The Region 1 storage racks have a flux trap design, with the rack cell walls composed of
stainless sieel. Boraflex poison panels are attached to the outsides of each of the Region
I rack cell walls. Figure A3-2 depicts the storage of four fuel assemblies in the Region 1
cells. McGuire Region 1 is normally vsed For storage of fresh fuel and bradiated fuel that

will be reloaded into the reactor core.

Region 2 in the McGhsire SFPs is designed to store fuel assemblies that have been
permarently discharged from the reactor. Generally these are high-burnup fuel
assemblies with kow encugh reactivity that they can be stored in the tighter Region 2
configuration. Figure A3-3 shows the McGuire Region 2 storage layout. This desigm is
called the “cell / off-cell” or “egg-crate™ pattem, because it consisis of a tight
checkerboarded cluster of stainless steel rack cells. The holes in this pattern are the off-
cells, and fuel assemblies are stored in these offcells as well, As with Region 1,
Boraflex poison pancls are attached wo sach of the cell walls in the Region 2 racks.

The Catawba SFPs differ from McGuire’s in that they contain just one storage region —
that is, all rack cells are the same design. The Catawba racks, as shown in Figure A3-4,
are arranged in & flux irap pattem, similar to McGuire Region . However, the spacing
between storage cells is targer in the Catawba racks, and the cell walls are thicker. Asa
result, the Catawba racks contain no Boraflex poison material, since the additional
reactivity holddown is not needed.

Table A3-1 provides McGuire and Catawba SFP rack data impaortent to the criticality
modeling of these storage regions. Note that, as a result of measured and projected
degradation of the Boraflex panels in the McGuire SFP storage racks, McGuire Region |
currently is ety allowed credit for a maximum of 25% of its original Boraflex loading
{as listad in Tabla A3-1), while McGuire Region 2, pending NRC approval, can take
credit for up 10 40% of it. To account for advanced Boraflax degradation in some

A32 .
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MeGuire storage cells, below the 25% and 40% thresholds described sbove, the MeGuire

storage regions have been further subdivided as follows:

McGuire Region 1A — 25% of original Boraflex loading
McGuire Region 1B - 0% of original Boraflex loading
McGuire Region 2A — 40% of original Boraflex loading
McGuire Region 2B - (0% of original Boraflex loading

Table A3-1. General Design Information for the

MecGnoire snd Catawba SFP Storage Racks

McGuire McGuire Catawba

Region 1 Region 2
# of storage locations in each SFP 286 1177 1429
Storage cell pitck {cm) 25.4 23.2 (average) 343
Otiginal Boraflex Loading {gfcm®) 0.020 .006 None
Storage cell wall thickness (em) 0.19 0.19 6.64
Normmal SFP water temperature range 68 - 150 68 - 150 68 - 150
{Cegrees F)
Mininmom required SFF boron 2675 2673 2700
concenttation (ppm)
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A3.3. Reference MOX Fuel Assembly Design

The MOX fuel Jead assembly design is described in Attachment 3, of the MOX fue] lead
assemnbly license amendment request. The reference MOX fuel assembly evaluated for
SFP storage containg a total phutonium concentration of 4.37 weight percentup to a
maximum fissile plutonivm concentration of 4.1% weight percent and a maximum U-235
enrichment of 0.35 weight percent. Figure A3-6 illustraties the fuel rod layout within the
MOX fuel lead assembly. With the exception of the fuel materal itself, the other Mark-
BW/MOXI fuel design parametars important to neutronic analysis (pellet diameter, fuel
density, active stack length, rod pitch, ete.) are identical or nearly identical to those
parameters of the current LEL fuel assemblies being used at McGuire and Catawha.

Table A3-2 provides the plutonivm and uranium neminal isotopic fractions for the
uniradiated Mark-BW/MOX]1 fusl. Expected manufacturing variations from the
nominal values are also fisted, and these variations are considered in the mechanical

uncertainty analysis in Section A3.6.

Table A3-2. MOX Fuocl Initial Isotopic Fractions

Expected
Isatope Nomiual Manefactoring
% of hase clement Range (%)
FPu-238 0.03 =0.05
Pu-239 | 92.5 90.0—95.0
T Pu240 6.92 50-9.0
Pu-241 0.5 < 1.0
Pu-242 .05 =01
U-235 0.35 {rmax) NA
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A3.4. General Neutronic Behavior of MOX Fuel in Spent Fuel Pool
Storage Conditions

The reference MOX fuel assembly containg significant quantities of Pu-239, which is a
more effective thermal and epithermal neutron absorber than U-235. As a result, other
thermal newtron absorbers in the MOX fuel lattice {such as boron) are worth less than in a
LEU fuel lattice. The boron atoms, whether dissolved in the coolant or in lumped
bumable poison rods, do not compete for thermal neutrons as effectively with the Pu-239
in MOX fuel as they do with U-235 in LEU fuel.

Another important effect is the reaczivity letdown characteristic of MOX fuel. Higher
plutonium isotopes build in more quickly with burnup in MOX fuel than in LEU fuel,
because the MOX fuet assemblies start with appreciable amounts of Pu-238, This
difference in the buildup and bumup characteristics of plutonium isotopes results in 4
flatter MOX fuel reactivity curve {reactivity drops off less stecply with hurnup] than an
equivalent LEU fuel reactivity curve.

Reference | provides a more extensive discussion of the nuclear characteristics of
wespons grade MOX fuel and how those characteristics affect storage criticality
calculations.
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AdS, Computer Code Validation and Usage for MOX Fuel Criticality
Analyses

The SCALE 4.4 / KENO V.a computer code system {Reference 2) is employed for the
MOX and LEU fue] criticality analyses documented in Section A3.6. This code system is
well-suited to spent fusl poct eriticality applications, and has been extensively
benchmarked to both MOX fuel and LEU fuel critical experiments as wel} as reactor
operationat date. .

As noted in A3.1, the eriticality computations fer this evaluation of the MOX fuel lead
agsemblies will consider only unirradiated MOX fuel. That is, no burnup credit will be
taken, and 5o no reactivity-equivalencing curves will be necessary. Therefore, the
criticality calculations for the MOX fuel lead assemblies can be performed solely with
KENO V.a. Note that KENO V.a does have the capability of modeling bumed fuel.
However, this requires first generating isotopic number densities (typically via the
SAS2H module in SCALE 4.4}, and then putting that isotopic data into KENO V.a,
Because SAS2ZH, which was not eriginally intended for fuel crivicality spplications, is 2
1-D transport code, it is preferabie to use a 2-D transport code (e.g., CASMO-4) for
bumed fuel evaluations. 2-I» caleulations should more accurately model fuel assemblies
that are not uniform: radially (such as the vadable MOX rod zoning in the Mark-
BWAMOX] design — see Figure A3-6).

Several benchmark reports for using SCALE with MOX fuel have been previcusly
developed. References 3 through 5 describe results from benchmarking SCALE against
MOX fuel critical experiments (MIX-COMP-THERM) and against isotepic
measurements from reactor-irradiated {Beznar and San Onofre) MOX fuzl. Duke Power
benchmarking of SCALE 4.4 to MOX fuel critical experiments has yvielded good
agreement in ke predictions, with similar biases and slightly higher incertainties than
those previously determined for LEU fuel, Duke Power has evaloated the following
critical experiments (References 6 through 9) in this benchmearking effort:

« MDX-COMP-THERM-0{!, Batelle ONL Experitnents, 1978 (4 experiments)
+ MD-COMP-THERM-(02. Plutonium Recyele Critical Facility PNL, 1975-1976
{6 experiments)
« MIX-COMP-THERM-003. Criticel Reactor Experiment Facility Westinghouse,
1965 (7 expeniments)
MIX-COMP-THEEM-004. Tokai Research Establishment of JAERI, 1972-1575
(11 experiments)

All of these MOX experiments contained a mixture of plutonium oxide and uranium
oxide fue] with plutonium oxide concentrations ranging from 2.0 wt % 1o 19.7 wt %.
Four of the MOX experiments used the addivion of fuel rods te measure critical
parameters, 17 experiments varied water level to reach critical, and six of the expenments
wete intended to measure power distnbution (the measurement of critical parameters was

secondary),

Results of the SCALE 4.4 f KENO V.a benchmark calculations with MOX fuel are
shown in Table A3-3. Note that the KENO V.2 models for these benchinark cases osed
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the 238-group ENDF-Y cross-section library. Because these MOX fuel critical

experiments yielded a similar method bias and uncertainty, as compared with counterpan

LEU fuel eritical experiments, the B3/95 k. computations in Scetion A3.6 for the
MeGuire Region 1A and Catawba SFP storage racks (which made]l MOX and LEU fuel

together) use the MOX-only bias {conservatively trended) and uncertainty decumented at

the end of Table A3-3,

Table A3-3. MOX Crilical Experiment SCALE 4.4/ KENO V.a

Benchmarking Results .
Soluble
: Total Pu | Boron KENO V.a KENO V.a
Crilical Conc Cone Measured | Calevlated ko Calculated

Experiment | (wi%) | {(ppm} K ¢ (ke

mctd01-01 197 O 1.00000 {99930 0.002id
mci(01-02 19.7 { 1.00000 0.99593 0.00193
mcti01-03 19.7 0 1.00000 0.09983 0.00195
met(0]-04 19.7 0 1.00000 1.00095 0.00199
rocti2-0F 2.0 2 LO¥I01E 0.99195 0.00192
met()2-02 2.0 688 1.00006 1.59450 000183
mct02-03 2.0 I 1.09419 0.99968 000179
metD02-04 2.0 1090 100022 1.00313 0.00185
mectd02-05 20 2 L0326 1.00377 000185
mct002-06 2.0 67 1.00013 1.00715 0.00)148
rct3-01 - 0. a 100000 .99524 000192
mctO03-02 0.6 Q 100040 0,95721 0.00 150
ct(3-03 0.6 i 100000 390915 000245
mctid3-04d 6.6 317 1.00000 099462 0.0019%
mek3-05 6.6 0 1.00000 100389 (.00233
meti3-06 5.0 i 1.00000 1.00332 0.00207
mct03-07 6.6 [H 1.00000 1.00508 000205
mct(d-01 310 a 1.000800 $.99201 000193
metQD4-02 30 ] 105000 0.99850 0.00167
met®04-03 i 0 103000 0.99602 0.00201
met{04-04 3.0 0 1.00000 {.09786 0.00167
met-05 a0 0 1.00000 (59923 0006194
met04-06 340 0 100000 099714 000195
mctD04-07 3.0 0 1.00000 0.99954 0.00176
mctD04-03 i0 0 £.00000 1.00356 0.00198
mct4-09 30 0 L.00000 0.99854 Q.00178
met04-10 a0 ] 1.00000 1.00110 000208
mct{iid-11 3.0 0 1.0000¢ 1.00110 0.00148

Calculated Results for these 2B MOX critical experiments:

Ave ky = 0.99943
Method Biaz = 4+ 0.00075 Ak (average)
Method Uncertainty = 2 0.00750 Ak

A3-1
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A3.6. MOX SFP Criticality Analyses

Current regulations allow partial credit for soluble boron in maintaining adequate
subcriticality in SFPs. The requirements for adopting this method are provided very
generally in 10CFR50.68 (b), with more specific guidance in the NR{-approved
Reference 10 methodology. This boron credit methodology has been approved for use
with ali LEU fiel in the McGuire SFPs. MceGuire must meet the following criteria in
uging this methadology:

« With the SFP racks loaded with fuel of the maximum permissible enrichment and
flondad with full-density unborated water, the maximum 95/95 k. shall be less than
1.0, including af] pertinent mechanical and calculational uncertainties.

«  With the SFP macks loaded with foel of the maximum permissible enrichment and
flooded with full-density water at a boron concentration of B50 ppm, the maximum
95/95 Iy shall be 12ss than 0.95, including all pertinent mechanical and calculational
uncertainties.

The Catawba SFP storage racks still do not take any credit for soluble boron, and thus, in
accordance with 10CFRS0.68, Catawba must meet the following criteria in using this
methodology:

« With the SFP racks loaded with fuel of the maximum permissible enrichment and
flooded with full-density unborated water, the maximum 95/95 k. shall be less than
0.95, including 21 pertinent mechanical and caleulational wmcertainties.

(iven the above regulatory requirements, the MOX fuel eriticality analysis for the
MeGuire end Catawhba SFPs comprises the following general stepa:

s The design informetion is obtained for the MOX fuel lead assemblies and LEU fuel
assemblies that are being or will be used in the McGuire and Catawba SFPs. Design
detzils for the SFP racks themselves arc elsa necessary, in order to properly model
fuel storage in these racks.

+ SCALE 4.4/ KENO V.2 compater modeis for the MOX fuc] lead assembly design
and fhe highest-reactivity LEU fuel assembly design are constructed. These
assemblics are moedeled in the McGuire Region 1A, 1B, ZA, 2B, and Catawba SFP
storage tacks.

¢ From these nominal models, mechanical uncertainties are determined as discussed
later in this section.

s  With the nominal models, kyy results are determined for each MOX or MOX / LEU
assembly configuration considered for that particular SFP storage rack. Ta ezch kur
result various reactivity penalties are added fo account for mechanical uncertainties
{from the previous step) and cads methodology biases/uncentzinties, which gives the
no-boron 95/95 kg for that storage configuration combination.
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In the McGuire SFPs, the maximum caleulated D5/95 kg results must be less than
1.4} for these no-boron cases. In the Catawba SFPs, the maximum calculaled %595

ke results must be less than .95 for these no-boron cases. .

For each of the McGuire SFP MOX or MOX / LEU configurations considered, the
bourding amount of soluble boron credit that reduces the previcusly determined no-
boron 95/93 ks from Jess than 1.00 to less then or equal 1o 0.935 is calculated. This
amount of soluble boron credit required is verified to ensure it does not exceed the
amount remaining following a worst-case credibie boron dilution event.

Severa! potential spent fuel pool accident scenarios are also evaluated, including an
assembly misloading event, accidems that increase or dacrease the fuel pool water
temperzature, and a heavy load drop (weir gate) event. The amount of scluble boron
needed to keep the 95/93 ko« at or below .85 is determined for sach of these
acecidents, and the maximum amount required 15 verified to ensure it does not excesd
the minimuom spent fuel pool boron concentration for normal operations (2675 ppm
Tor MeGuire, 2700 ppm Tor Catawba).

The following assumptions are nsed in the SFP criticality analysis for MOX fuel:

* All conditions are modeled at both 68 and 150 " F, the normal operating
temperature bounds for the SFPs. Only the most reactive temperature 13
uged to set the storage requirements.,

* Al calculations are performed in 2-D); i.c. no axial effects are directly
modeled for the naminal rack criticality cases. Because no bumnup credit js
taken for the MOCX gl lead assemhlies in this storage anal ysis, there are no
axial burmup reactivity "end effects” to consider. Therefore it is
conservative to model the MOX assemblies in 2-D, Note that, although a
qualified LEU Filler fuel assemnbly stored alongside MOX fuel (in the
McGuire Region 1A and Catawbe Restricted f Filler configuration — sce
Figure A3-5) may take credit for bumup, there are 5611 3 MOX assemblies
for every one LEU sssembly in this configuration, and 3o the overall system
here still will not have a positive "end effect™ bias.

« LEU Filler fuel stored with MOX Restricted fuel in the McGuire Region [A
and Catawba Restricted / Filler will be modeled in SCALE 4.4 / KENO V.a
with no bumup, using the pertinent reactivity equivalencing curve
previously approved. LEU entichrnent va. bumup data points from thess
curves gre listed m ‘Table A3-5.

* No credit is tzken for the spacer grid material. A slight reactivity penalty is
applied for spacer grids in the heavy load drop accident evaluations, since
these ere analyzed in highly borated (2675 ppm or 2700 ppin) conditions,
where the water displacement caused by the prasence of spacer prids can
ectuzlly increase syslem reeclivity.

The total SFP 95/05 kg equaticn has the following form:

SFP] 9595 ket = Komivat+ 3B, + 3 ks’

A3
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where:
Kocminat 18 the ke computed for the nomninal case being considered.

B, is the computatienal mecthod bias (from the cede benchmarking
described i Section AJS).

ks, s 49595 uncentainty on Koomina from Table A3-4.

For each of the mechanical uncertainty branch cases evaluated by SCAILE 4.4 / KENO
V.a, the resulting computed Ko is compared with the nominal case k.. The mechanical
uncertainty component is then determined by statisticatly combining the Aker from the
caleulated nominal condition with the KENO uncertainty for the sensitivity case,
gceording 1o the following equation:

(s, = (KENO mech unc ke — Koominat ¥ + (L.752*OMus)’

whete Gy, is the KENO-computed standard deviation of the k.; mean for the
mechanical uncertainty branch case of interest. The 1.752 multiplier is the one-sided
95/05 tolerance Factor for 600 neutron generations. Each of the SCALE 4.4/ KENO V.a
cases in this celculation was run using 600 neutron generations.

Each of the biases and uncerntainties listad in Table A3-4 is discussed in more detail in the
following paragraphs.

Table A3-4, Periinent Biases and Uncerfainties in the Criticality
Calcuolations for the McGuire and Catawba SFP Storage Racks

(with Mark-BW/MOX1 Fuel)
Blases Uncertainties
Benchmark Method Bias Benchmark Method Uncertainty
Plutonium Cencentration Manufacturing
Lncecainty

Fuel Density Manufaeturing Uncertainty
Storage Rack Cell Wall Thickness
Manufacturing Uncertainty
Storage Rack Center-to-Center Cell Spacing
Uncertainty
Boraflex Uncertainities

Benchmark Method Bias

As described in Section A3.5, this bias is determinad from the benchmarking of the code
system used (SCALE 4.4/ KENO V.a}, and represents how much the code system is
expected to overpredict (negative bias) or underpredict {positive bias) the "irue ken” of

. A3-1D
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the physical system being modeled. The SCALE 4.4 / KENC V.a benchmark method
bias for MOX fuel is presented at the end of Table A3-3.

Benchmark Methed Uncertainty

This uncertainty is determined from the benchmarking of the code system used (SCALE
4.4 } KENO V.a), and is a measure of the expected variance (95/95 one-sided
uncertainty) of predicted reactivity from the "true kg" of the physical system being
modeled. The critical experiment benchmarks for these codes were described in Section
A3.5. The SCALE 4.4/ EENO V.a benchmark method uncertainty for MOX fuel
appears at the end of Table A3-3.

Plutonium Concentration Manvfacturing Uncertalnty

A plutonium concentration uncertainty of +0.075 wt % Pu is used for the MOX fuel
smalysis, based on fabrication specifications.

Fuel Denslly Manufacturing Uncertainty

Far bath LEU and MOX fuel, tolerances on pellet dishing, pellet diameter, and pellet
densification can increase the effective fuel density from the nominal values. No
manufacturing tolerinces for the Mark-BW/MOX are currently available. However,
previous LEU fuel data show tolerences on peilet dishing of up to 0.4% reduchon, a
tolerance on pellet diameter of up to a 0.0005-inch increase in OD, and a tolerance of up
ta & 1.5 % increass in fuel pellet densification. If these three variations are taken together
to maximize a MOX assembly fue] loading, this maximum loading can be used with the
nominal pellet dimensions o delermine a maximum fuel density, Maximizing the
tolerances above yields up to 10:565 g (U, Pu) Oy fcc.

Storage Rack Cell Wall Thickness Manutacturing Uncertainty

Consislend with previcus critxality calculations, a conservative maximuom tolerance of
0.01 inches is epplied to cell wall thickness.

Storage Rack Center-to-Center Cell Spacing Uncertainty

This uncertainty accounts for possible variations in the SFP rack geometry. The sack
cells in the McGuire Region 1, McGuire Region 2, or Catawba SFPs arc brought wgether
as ¢lose as the tolerances allow on center-to-center spacing.

Doraflex Uncertaintios

Applicable 1o the McGuire Region 1 A and 2A SFP racks, the Boraflex uncertaintics are
bundled uncertainties that acoount for gaps in the Boraflex panels, axial and radial
matertal shrinkage, and physical self-shielding effects. For MOX fuel these uncenainties
are slightly jess than those previonsly computed for LEL! fuel. This is expected, since
strong thermal absorbers such as Boraflex are less effective in the presence of MOX fucl.

Ad-I1]
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The mechanical and calculational biascs and uncertainties described above add between
0.02 and 0.03 Ak 10 the overall 95/95 ko for MOX fuel, depending on the SFP rack. This
ia comparable to the totals for LEU fuel. As discussed in Section A3.5, the MOX bias /
uncertainty reactivity adders will be used for the combined MOX / LEU storage
configurations considered here (McGuire Region 1A and Catawba SFPs).

In addition, the analyses conservatively assume plulonivm isetopic fractions of 94% Pu-
230, 545 Pu-240, and 1% Pu-241, The exact pluteninm isotapics of the MOX fuel lead
assernblies are not yet known, but are expected to be similar to the Table A3-2 values,
and therefore less reactive than these assumed isotopics.

Using the evaluation procedure outlined at the beginning of this section, criticality
caleulations were carried cut for various storage pattems in the McGuire and Catawba
SFPs. Figurc A3-5 shows the different types of patierns that have been qualified for
storing MOX and MOX / LEU fuel in the McGuire and Catawba SFFPs. These pattems
are described below: :

s Restricted 7 Filler Storage (McGuire Region LA, Catawba SFF storage racks) -
Fresh or irmadiated MOX fuel assemblies qualify as Restricted assemblies in
these storage regions. In addition, LEU fuel assemblies that exceed their LEU
Unrestricted enrichment limit or do not meel the mininmum required burntp for
LEY Unrestricted storage can be stored as Restricted fuel in these storage
regions. Note the low-reactivity “Filler” fuel assembly in this configuration must
be 8 LEU fuel assembly, meeting the Filler minimum bumup requiremenis in
Table A3-5.

+ Checkerboard / Empty Storage (Mc(iuire Regions 1B, 2A, and 2B) — Fresh or
imradiated MOX fuel assemblies qualify as Checkerboard assemblies in these
storage regions, LEU fue] asscmblies that do not meet their enrichment / burmup
limits to qualify 2s LEU Restricted fuel siorage can be stored as Checkerboard
fuel in these storage regions.

A3-12
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Table A3-5. Minimam LEU Filler Fuel Barnup Requirements for
MOX Restricted Storage in the McGuire Region 1A and Catawba SFP's

lpitlat LEU McGuire Region 14 Catawba minfmzm
Enrichment (wt % | minimuam LEU Filler LEU Filler burnop
1)-135) bornup {(GWD/MT} ({GWD/AITU)
1.76 0.00 -
1.9% L - 0.00
2.00 5.12 16.83
2.50 13.57 26.05
3.00 ___19.80 3511
3.50 25.85 43.48
460 1 31.50 5199
4 48 - 600
4.50 3693 __ NA
_ 435 39.54 N/A

Both the normal and accident SFP conditions (described at the beginning of this section)
were analyzed for all the MOX storage configurations considered in the McGuire and
Catawba SFP storage regions. For normal conditions in the Catawba SFPs, the maximum
no-boron 95/95 ke in the MOX / LEU Restricted / Filler configuration remained below
0.95. For nomal conditions in the McGuire SFPs, the maximum no-bamn 95/95 ke in
the MOX and MOX / LEU configurations remained below 1.00. The highest boron
concentration required for MOX fuel to reduce the 95/95 ke below (.95 was still less
than the 850 ppm that is allowed for LEU fuel. Therefore, all the normal storage
regulatory subcriticality requirernenis were met for MOX fuel in the configurations
shown in Figure A3-5. '

For three of the accident conditions that nesded to e evaluated for fuel storage (fuel
assembly misload, dropped fiel azgembly, and abnormal SFP temperature changes), the
required boron concentrations to maintain the 95/85 kg below 0.95 are far below the
minitnum available in the SFP {2675 ppm for McGuire, 2700 ppm for Catawba), even
with MOX fuel.

The other recident condition is the heavy Joad drop onto the SFP racks. The larpest loads
that can be carried over the McGuire and Catawba SFPs are the weir gates (see their
locations in Figure A3-1). These 3000 - 4000 1b steel gates, if dropped onto the SFP
racks, are capable of crushing vp te seven (7) fuel assemblies. In accordance with
NUREG-0412 (Reference 11), heavy load drop evaluations must sssume the racks and
the fuel assemhlies within them are crushed imiformly to an optimum pin pitch. Figure
A3-7 depicts the mode! for this weir gate drop in the McGuire (Region 1) SFP. The
affected assemblies are cyushed into a tighter and tighter configuration until meximum
reactivity is ackieved. Since the MeGuire storage racks are already much more closely
spaced than those in the Catawba SFPs, the crushed-rack evaluation with MOX fuel in
the McGuire racks determined a worst-case 95/95 k. gwell below the .95 limil, with
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2675 ppm boron in the SFP. The MOX fuel ket was similar 10 the highest LEU fue] ke
in the McGuire weir gate drop analysis.

However, in the Catawba racks, the heavy load drop yields a maximum ke with MOX
fuel that is significantly higher than that computed for EEU fuel. This is due to the fact,
a5 discussed in Section A3.4, that the MOX fuel assembly is more undermoderated than
the LEU fue! assembly. Therefore, the optimum crushed-rack pin pitch for MOX fuel 15
larger than that of the LEU fuel array, and therefore, the MOX fuel crushed cluster of fuel
assemblies is still relatively “coupled” with the surrounding uncrushed rack cells. On the
ather hand, the more tightly crushed LEU fuel assemblies are effectively isolated from
the rest of the tack. Nevertheless, the crushed-rack evaluation with MOX / LEU fuelina
Restricted / Filler configuration in the Catawba racks yiclded a worst-case 95/935 keq that
remained below the 0.95 limit, with 2700 ppm borom in the SFP.
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A3.7. Conclusions

This evaluarion has exsminad the feasibility of MOX fuel storage in the McGuire and
Catawba SFPs. The reference MOX fuel design (the Mark-BW/MOX1) has been
identified and evaluated in the SFPs at McGuire and Catawba. The results from all of
these MoGuire and Catawba SFP criticality analyses demonsirate that » reference MOX
fuel design, with a maxinum fissile plutonium concentration of 4,15 weight percent and
a maximum U-235 enrichment of 0.35 weight percent, can be stored fresh or irradiated in
the patterns shown in Figure A3-5, without any modifications 1o the existing SFP storage
racks. This evaluation bounds the planned lead assembly fuel design of 4.37 weight
percent total plutenium and 0.25 weight percent U-235 demonstrating that it also can be
safely stored in the SFP storage racks.
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Weir To Reactor Building

Flgure A3-1. Overhead View of MeGuire Fuel Building
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Figure A3-2, McGuire Spent Fuel Pool Region 1
Flux Trap Arrangcment

Figure A3-3. McGuire Spent Fuoel Pool Region 2
“Cell / OIf-Cell” Arrangement
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Figure A3-4. Catawba Spent Fuel Pool
Flox Trap Arrangement
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Restricted - Restricted
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Restricted || “Filler Fuer -
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3 Restricted (MOX) 7 Filler (LEU)
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Figure A3-5. Repeating Patterns for MOX Fuel Storage in the
McGuire / Catawba Spent Fuel Pools
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Figure A3-7. Worsi-case Crushed Rack Configuration
for Weir GGate Drop Event
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Attachment 4
No Significant Hazards Consideration Evaluation

4. NOSIGNIFICANT HAZARDS CONSIDERATION EVALUATION

4.1 BACKGROUND

The following analysis nequired by 10 CFR 50.91 is provided to justify the determination that the
proposed license amendment and associated technical specification changes needed to support
the introduction of mixed oxide (MOX) fuel dead assemblies onto the McGuire or Catawba site
and into a reactor do not involve & significant hazards consideration. The standards in 10 CFR
50.92 are applied 10 the proposed changes to support this determmation. The evaluation
contained herein demonstrates that the proposed license amendments and associated technical
specification changes do not:

a) Involve a significant increase in the probability or consequences of an accident
previously evaluated;

h) Create the possibility of 2 new or different kind of accident from any accident
previously evaluated; or

c) Involve a significant reduction in & margin of safety.

In promulgating the final rule that implemented the current significant hazards consideratien
process, the NRC atiempted to take some af the subjectivity out of the standards in 10 CFR
50.52 by listing specific examples of amendments that would be likely 1o involve significant
hazards considerations.” Some of these cxamples are very straightforward; e.g., renewal of an
operating license or an increase in authorized maximum core power level are cited as examples
of amendments that would involve a significant hazards consideration. Other examples are
subject to interpretation; e.g., “a significanr (emphasis addcd) relaxation of the criterie used to
establish safaty limits™ is an example that would alse invelve a significant hazards consideration.
Rowever, the word “significant” in the example is still open to interpretation.

A similar list of examples was provided for amendmenis that weuld rot hikely involve significant
hazards considerations. The particutar example of 2 license amendment that has been cited as
possibly applicable to any license amendment request involving MOX fuel is:

“A change resulting from a nuclear core reloading, if no fuel assemblies stgnificanty
different from those found previously acceptable 1o the NRC for a previous core at the
facility in question are involved. This assumes that no significant changes are made to
the acceptance crileria for the technical specifications, that the anzlytical methods esed 1o
demonstrate confonmance with the technical specifications and regulations are not
significantly changed, and that the NRC has previously found such methods acceptable.”

At the time thal this rele was published, many of the core operating limits were contained a8
limiting conditions for opergtion in the technical specifications. The core design for each reload

' 51 Federal Register 7744, 7750 - 7751
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resulied in slight changes in some of these limits and, as a result, many licensees were required
to amend their techmical specifications at each refueling. The abave example provides clear
guidance that license amendments and technical specification changes associated with a routine
core reload do ret invelve a significant hazards consideration.

However, the converse of this example does not compel the conclusion that a significant hazards
consideration is invelved. Tt was the Commission’s intention that any request for an amendment
must be evaluated against the standards in the regulations, and that the examples simply provided

supplamentary guidance.?

There is also precedent for the requested licensing action. Previous applications to utilize MOX
fuel assemblies in cperating reactoss have been submitted and approved by the NRC. In
particular, Rochester Gas and Electric requested approval to receive, store, and utilize four MOX
fuel assemblies in its Ginna reactor in an application dated December 14, 1979, transmitted by
separale letter,” In its review of this application, the NRC staff produced two safety evaluation
reports, the first* evaluating the receipt and storage of MOX fuel assemblics and the second®
evaluating the use of the four MOX fuel assemblies. The conclusions in both reports were that
no significant hazards considerations were involved with any of the activities. The standards in
10 CFR 50.92 that were used by the staff o evaluate the Ginna application have not changed,
Thus, the precedent i relevant to Duke’s application (o irradiate four MOX fuel lead assemblies
m the McGuire or Catawba reactors.

The following evaluation addresses each of the standards in 10 CFR 50.92 relative to the receipt,
storage, and use of MOX fuel lead assemblies in either 2 McGuire or Catawba reactor.

42 EVALUATION

This section evaluates the proposed license amendment against the standards in 10 CFR 50.92.

4.2.1 Frobability and Consequences Evalugtion

The proposed license amendment to allow the use of MOX fuel lead assemblies does not
invelve a significant increase in the probability or consequences of an accldent previcusly
evaluated.

T pd an 7750

3 Letter from Harry H. Voigt, LeBoeut, Larmb, Leiby & MacRae to Mr. Harald R. Denton, U.5. Nuclear Regulatory
Commission, dated December 24, 1974,

* Letter from Pennis L. Ziemana, U.5. Nuclear Regulatory Commission o Mr. Leon D, White, Ir.. Rochester Gas
and Elecirse Cotporation, dated February 13, 1980,

3 Letter from Dennis L. Ziemann, 1.5, Nuchear Regolatory Commission to Mr. Leon D, White, I, Rochester Gas
and Electric Corporation. dated April 15, 1580.
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The “accidents” previously evaluated are described in the UFSAR and fall into one of the
following four categories:

Nommal Operation and Operaticnal Transients
Faults of Moderale Frequency

Infrequent Faults

Limiting Faults

Inspection of the UFSAR descriptions reveals that the presence of MOX fuel lead assemblies
could potentially impaet the probability of accomence for enly two “accidents;” Radiwactivity in
Reactor Coolant Due 10 Cladding Defects and Fuel Handling Accidents. An evaluation of each
of these events fallows,

4.2.1.1 Radioactivity in Reactor Coolant Due to Cladding Defects Probability

Cladding defects arc imperfections in the cladding material of a fuel assembly that allow fiszion
products from the active fuel material 1o migrate 1o the reactor coolant. They can be cavsed by
manufacturing defects that go undetected until the stresses of pressure, temperature, and/or
imadiation eventually result in fuel cladding failure. This 1ype of cladding failure ocours very
infrequently in low-entiched uranivm (LEU?} fuel. The Mark BW design, which is the basis for
the Mark BW/MOX1 design to be used in the MOX fuel lead assemblies, has experienced 2
failure rate of less than one per 100,000 rods, from all manofacturing related causes, since jts
incaptiom in 1987. There is no reason to expect that the probebility of this type of failure ina
MOX fuel assembly will be any different than for & LEL fue] assembly becanse the probability
of fuel failure due to thase factors is no different for MOX fuel assernblies than for LEU fuel
assemblies, The MOX fuel lead assemblies will be manufactured using the same quality
standards that are used in the manufacture of LEU fuel, under a Quality Assurance progrem that
conforms to 10 CFR 50 Appendix B. Likewise, the same operational procedures and precautions
o preclude Joose parts and debris in the reactor coolant will equally preclude fuel failures from
these mechanisms for the MOX and LEU fuel assemblies.

QOther mechanisms that could potentially cause fuel cladding failure ere physical interuction of
the cladding with loose debris in the reactor coolant sysiem or corrosion product transport and
buildup on cladding material, The design of both the cument LEU fuel assemblies end the
planned MOX fuel assemblies minimizes these types of interactions such that the probability of
fuel failure is equally untikely for both MOX and LEU fuel assemblies.

4.2.1.2 Fuel Handling Accident Probability

There is nothing in the physical design of a MOX fuei lead assembly that would make jt more
susceptible to a fuel handling accident than a LEU assembly. The physical dimensions are
virtually identical, the difference in weight between a MOX assembly and a LEU assermbly is
less then 1%, and the top nozzle engages the manipulator crane and handling fixture in the same
manner a5 LEU fuel.
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The shipping container and associated unloading procedure for 2 fresh MOX fuel assembly are
slightly different from that of a LEU fuel assembly but such differences do not result in a
significant increase in the probability of an accident. The MOX fuel lead assembly shipping
container is an end-loaded container with capacity for one fue] assembly as opposed to a LEE)
shipping container which is side loaded and has the capacity for two fuel assemblies. The MOX
fuecl assembly container is unloaded by uprighting the container, removing the closure lid,
grappling the assembly with the Fuel Handling Tool, and lifting the assembly with a sorajght
vertical lift our of the container. This is a straightforward lifting operation that will be practiced
in a dry run involving a dummy fuel assembly, the MOX fuel shipping package, and specific fucl
handling procedures. The same plant equipment will be usad to grapple and Jift 2 MOX fuel
assembly that is used to lift a LEU fuel assembly. Once the MOZX fuel lead assemhlies ane
unloaded and placed into the spent fuel poal, subsequent handling operations are identical to
LEU fuel handling. Thus, it is concluded that the probability of a fuel hendling accident
involving a MOX fuel assembly drop, either inside containment or inside the fuel building, is no
different than for a LEU assembly.

The other scenarios considered as part of the fuel handling accident analyses are a weir gate drop
itto the spent fuel pool and a tomado-generated missile entering the spent fuel poel. There is no
connection between the type of fuel assembly and the probability of occumence of either of these
accidents. The probability of a tomado missile enterimg the spent fuel pool is a natural event
whose frequency of occurrence will not change with the storage of MOX feel assemblies in the
fuel pool. The probahility of dropping 2 weir gate into the spent fuel pool is dependent on the
reliability of handling fixtures, crane rigging procedurss, and the number of handling opstations,
nonz of which will be affected adversely by the handling or presence of MOX fuel assemblies.

The conclusion is that amending the McGuire and Catawba licenses 1o allow the receipt,
handling, storage, 2nd use of MOX fucl Joad assemblies doss not result in a significent increase
in the probability of occurrence of any accident previously evalusted in the UFSAR.

4.2.1.3 Consequences Evaluation

In order for a postulated azcident to result in 2 significant increase in consequences, it must be
shown that the accident results in a significant increase in dose to the public er to the control
roomm operztors. The UFSAR for both McGuire and Catawba contain the results of dose
cakeolation for those accidents which have offsite or control room eperator dose consequences.,
The dose consequences of these accidents were conservalively evaluated for 2 core consisting of
four MOX fuel assemblies and 189 LEU fuel assemblies. The limiting design basis accidents for
operations involving MOX fuel assemblies are the fuel handling accident and weir gate drap
accident. The calculated dose consequances increased about 3%, for the fuel handling and weir

gate drop accidents.

The insertion of MOX fuel lead assemblies would have & small effect on calculated radiation
doses for accidents that are timited by depanture from nucleate boiting (DNB). These include rod
ejection, single rod withdrawal, and locked rotor accidents. For these desipn basis accidents, the
increase in dose consequences due to MOX fuel lead assernblies was 1% or less. The calculated
dose due to & pastelated loss of coolant accident (LOCA) increased by less than 0,2%, These
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small increases are not significant and the calculated doses are still well within the limits of 10
CFR 100 and 16 CFR. 30, Appendix A, General Design Criterion 19.

Based on this evaluation, it is concluded that amending the McGuire and Catawba licenses to
allow the receipt, handling, storage, and use of MOX fuel lead assemblies does not resultin a
significant increase in the consequences of any accident previously evaluated in the UFSAR,

422 New or Different Accident Evaluation

The proposed license amendment to allow the vse of MOX fuel lead assemblies will not
create the possibility of & new or different Lind of accident from any accident previcusly
evaluated.

The MOX fue] assemblies have similar mechanical and thermal-hydranlic properties to and
nuclear characteristics only slightly different from the current LEL fusl aszemblies. The use of
MOX fuel lead assemblies does not involve any aiterations to plant equipment or procedures that
would intreduce any new or unique operational modes or accident precursors. The existing
design basis accidents described in the UESAR remain appropriate and have been evaluated to
demonstrate that there is no significant adverse safery impact related to the use of MOX fuel lead
assemblies.

The main physical difference betwesn a fresh MOX fusl assembly z2nd a LEU fuel assembly is
the presence of more radioactivity from the actinides in the MOX fuel matrix, resulting ina
measurable dose rate in the immediate vicinity of a MOX fuel assembly. As a result, fresh MOX
fue! is wransported in 2 sealed leaktight shipping container by an enclosed tractor trailer truck.
There are also differences in the fresh MOX fuel handling procedures, but these differences do
not lead to a new or different type of accident.

A fuel handling accident invelving & fresh MOX fuel assembly has potential for off-site doze
consequences; however, the results of this fue! handling accident are bounded by the current
analysis of a spent LE1] fuel essembly drop accident. The calcnlated site boundary snd control
room dose conseguences for 2 fresh MOX fucl handling accident are much 1ess than the
calculated doses for an accident imvolving a spent LELT fue! assembly zamd are well within the
guidelines in 1§ CFR 100. This accident does not involve a new release path, does not resultin a
new fission product bamrier failure mode, and does not create a new sequence of events that
would result in significant cladding failore. Therefore, this accident is nol 2 new or different

kind of accident,

In conclusion, amending the McGuire and Catawba licenses to allow the receipt, handling,
storage, and use of MOX fue] lead assemblies doos not create the possibility of a new or different
kind of accident.

423 Moargin of Safety Evaluation

The propnsed Bcense amendment to allow the use of MOX fizel lead assemblies will not
involve a significant reduction h a margin of safety.
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There are provisions in the McGuire and Catawba Technical Specifications that allow a "limited
nmmber of lead test assemblies™ te be placed in “nonlimiting core regions.” These provisions
will not change and will appiy to the planned use of MOX fuel lead assemblies. The effect of
these provisions is to place restrictions on the aFlowable power distribution limits for a MOX fuel

lead assembly.

The core destgn process assures that the limiting fuel rod in the core, whether LEL or MOX, has
sadequate nuclear power design limits under normal, transient, and accident conditions. If the
core design process reveals unacceptable margin, adjustments ere made to restore the needed
margin. The operating timits are established in the Core Operating Limits Report te assure the
design limits are not exceeded, thus assuring that adequate design margins for the fuel are
maintained. This fierative design process is used to analyze the core containing MOX fuel lead
gssemblies to assure that there i5 no significant reduction in a margin of safety.

Because these lead assemblies will be located in nenlimiting locations Le., will have margin
abaove that of the limiting assemblies, the results of safety analyses will likewise assure that
appropriate matgins to safety are maintained during transients and accidents.

43 CONCLUSION

The proposed receipt, handling, storage, and use of MOX fuel lead assemblies does not present
any significant safety concems as shown in the safety analysis in Attachment 3. This no
significant hazards consideration evajuation demenstrates that amending the McGuire and
Catawba licenses to allow the receipl, handling, storage, and use of MOX fuel lead assemblies

docs not:

1} Involve a stgnificant increase in the probability er consequences of an accident
previously eveluated: or,

2) Create the possibility of a new or different kind of accident from any accident
previcusly evaluated; or

3) Involve a significant reduction in a margin of safety.

Accordingly, it is concluded that the propesed changes will not involve a significant hazards
conslderation.
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5. ENVIRONMENTAL REPORT IFOR MOX FUEL LEAD ASSEMBLIES

51 IDENTIFICATION OF THE PROPOSED ACTION

The proposed action evaluated by this Environmentat Report {ER) is the modification of
the Catawba Nuclear Station gand McGuire Nuclear Station operating licenses and
Technical Specifications to allow the irradiation of up o four mixed oxide (MOX) fuel
lead assemblies at either McGuire or Catawba. Thig proposed action inclodes the receipt,
handling, storage, and use of MOX fuel lead assemblies at Catawba or McGuire Nuclear

Station.

To evaluate the performance of MOX fuel, cumrent plans are for four assemblies out of
193 total assemblies in the reacter core to be replaced with MOX fue] lead assemblies.,
These lead assemblies will be placed in non-limiting core locations. All of the lead
assemblics will be iradisted for at least ewo fusl cycles.  Peolside non-destructive post
irradiation examination (PIE) will be conductad after each fuel cycle. Some or 2] of the
lead assemblies will be irradizted for a third cycle. Afier the third cycle of irradiation,
selected fuel rods will be removed and shipped 1o & hot cell PIE facility for dastructive
EXANTNation.

After removal from the reactor core, the immadisted MOX fuel assemblies will be stored
along with low enriched uranium (LEU) spent fuel assemblies in the spent fuel pool
adjacent 1o the reactor used for iradiation peading final disposal in a geologic repository.

52  ALTLRNATIVE ACTIONS

521 No-Action AHernative

The no-action alternativé is to deny the license amendment. The conscquence of the no-
sction alternative is that without the use of Iead assemblies to confirm MOX fuel
performance characteristics neither Catawba Nuclear Station nor MeGuire Nuclear Station
would nse any MOX fuel at the reactors, and would therefore not provide irmadiation

“services to the Departrment of Energy (DOE) for the surplus plutenium disposition
program. McGuire and Catawba would continue to operate with LEU fuel. For DOE to
centinue the plutonium disposition program, it would need o either find other reactors to
vse MOX fuel or use other methods to dispose of the surplus plutosiium.

52.2  Other Allernatives

No alternatives other than the proposed action or no-action are viable. Consequently, no
other alternatives were considered.
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53  RELATED ACTIONS

The environmental impacts resulting from the fabrication of MOX fue) lead assemblies
were discussed in Section 2.18.2 of the Surplis Plutoninm Dispesition Final
Environmental Impact Statement (SPD EIS) (Reference 1). In the SPD EIS, five DOE
sites were avaluated for the fabrication of up to ten lead assemblizs: Savannzh River Site
(SBS), Los Alarmos National Laboretory {LANL), Lawrence Livermore National
Laboratery {LLNL), the Hanfard site, and Idzho National Engineering and Environmental
Laboratory {INEEL). Two DOE sites were evatuated for post-irradiation examination:
Argonne National Laborzatory — West at INEEL and Cak Ridge National Laboratory
(ORNL). In the Record of Decision (ROD) associated with the SPD EIS, DOE selected
LANL as the site to fabricate lead assemblies and ORNL as the site to conduct post-
jrradiztion examination of selected fuel rods from the MOX lead astamblies.

Subsequent to the issuance of the ROD, DXOE decided to revisit the decision 1o fabricaic
lead assemblies at LANL and evaluate other fabrication options. The primary option
cuently being pursued s the European fabication (Eurofab) of the iead assemnblies.
Eurofab involves preparation (polishing) of PuO;z powder at LANL with shipment of the
polished pawder to 2 European pianit for pellet and fuel rod fabrication followed by fuel
rod assembly. The completed MOX fuel assemblies will then be shipped back to either
McGuire or Catewba 10 be irradiated as lead assemblies. The environmental impacts of
the related actions associated with Eurofab that sre within the scope of the National
Environmenta! Policy Act (NEPA} were either evaluated, or are in the process of being
evaluated, in DOE environmental documents as discussed in Sections 5.3.1 through 5.3.7,

Several of the related actions involve activities that are planned to take place owtside the
United States either in other countrizs or in the global commons. Executive Order (EO)
12114, Environmerual Effects Abroad of Major Federal Actions, requires that when
making decisions about major Federal actions that could have significant cffects on the
environment outside the peographical borders of the United States and its territories and
possessions, Federal 2gencies take into consideration documents that describe and analyze
the potential environmental impacts of those actions. Most nuclear actions, including the
proposed fabricatian of lead assemblies in Burope, are exempt from analysis under EO
12114 except for the potential impacts on the envireument of the global commons outside
the jurisdicion of any nation {e.g., the oceans or Antarctica,

531 Powder Preparation

This related activity, which consists of an aqueous polishing process 1o remove impuritics
from the PuD; powder, is being performed at LANL. The environmental impacts of this

activity were addressed in the SPD EIS (Reference 1). These environmental impacts will
not be addressed further in this ER.
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532 TPowder Shipment to Fabrication Facility

Shipment of the polished PuOy powder is a related activity involving intermodal transport
from LANL to the selected European fuel fabrication facility. The PuQ; powder wili be
shipped via truck to a United Stztes part, via ship to a European port, and subsequently via
land wansport frem the Eurcpean port to the fuel fabrication facility. The environmental
impacts of domestic transportation and oversees ship transport are being addressed by
DOE in a supplemental environmental analysis in accordance with DOE implementing
procedures (10 CFR Pari 1021) and will not be addressed ip this ER. Consistent with EOQ
12114, the land ransport of polished PuQ; powder in Europe will not be addressed in this

EE.
533 Fabrication of MOX Fuel Lead Assemblies

The environmental impacts of fabricating fuel pelleis, fuel rods, and MOX fuel lead
assemblies in Europe is a related activity that is not included in this ER consistent with

EO 12114..

534 MOX Fuel Lead Agsembly Transportation

The completed MOX fuel lead assetnblies will be shipped from the assembly plant in
Europe to either the McGuire or Catawba site. The associated materia!' from the fuel
fabrication process will be transporied from the assembly plant in Europe to 2 DOE
tacility in the United Siates for storage. Transporiation overland from the assembly plant
ic 2 European port is outside the scope of NEPA. The environmental impacts of overseas
transport of kead asssmblies from a European port to an east coast ULS. port will be
arddrezsed by DOE as part of the supplemental environmentat analyzis described in
Section 5.3.1. k should be nated that the SPD EIS evaluated the impacts of transporting
up to &ight MOX foel lead assemblies & distance of 3,100 miles. These environmenial
impacts bovnd the impacts of shipping Four MOX fuel lead assemblies from zn Ezst Coast
port to McGuire or Catawba because 1) transportation impacts are propertional to distance
and the distance from the East Coast port to McGuine or Catawba is much less than 3,100
miles, and 2} the amount of maierial to be shipped is bess than what was evaluated by
DOE. These environmental impacts will not be addressed further in this ER.

53.5 Transport and Post Irradiation Examination of Ircadiated Fuel Rads

The SPD EIS evaleated the environmental impacts essociated with the wansport of
irradiated fucl rods (from irradiated MOX fuel kead assemblies) from MeGuire or
Catawba to 2 hot cell PIE fil::'ili'q,f,2 The SPD EIS also evaluated the environmental

! Associated material Tefers to plutenium-bearing archive pellets, fue! rods, and/ar any remaining scrap
material, .

¥ The SPD EIS evaluated transportatior of irrardiated fise] rods from McGuire to Argonne National
Laboratary- West, in [daho, 25 a Hmiting case. This evaluation bounds the impacts of ranspartation of
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impacts of conducting the post-irradiation examination, as well a3 the storage and disposal
of the fuel Tods after the examimation. These environmentel impacts wiil not be addressed
further in: this ER.

536  Transport and Disposal of Spent MOX Fuel

The transportation 2and disposal of spant MOX fuel lead assemblies from McGuire or
Catawba to a peologic repository are not part of this proposed licensing action. The
environmental impacts assaciated with transport end disposal of spent MOX fuel are
essentizlly the same as those for uranium fuel. These impacts are addressed in the Storage
and Disposition of Weapens-Usable Fissile Materials Final Programmatic Environmenial
Inpact Starement (5&D PEIS) (Reference 2) and the Final Environmental Impact
Statemeny for a Geologic Repository for the Dispesal of Spent Nuclear Fuel and High-
Level Radioactive Waste ar Yucca Mountain, Nye County, Nevada (Reference 3). These
environmental impacts will not be addressed further in this ER.

53.7 Fuoture Batch Use of MOX Fuel

The proposed fotare use of batch quantities of MOX fuel in the Catawha Nuclear Station
and McGuire Nuclear Station reactots will require separate icense amendments. The
enovironmental impacts of batch use of MOX fusl will be evaluzated as part of any future
batch license amendment requests, These environmental impacts will not be addressed in

this ER.

54  BACKGROUND

Cht September 27, 1991, President George H. Bush announced the end of the 42-year Cold
War with the Sovict Union. This ennouncement evenlually led 1o a determmation that
our nuciear weapons stockpile nesded to be reduced, resulting in surplus plutonium and
surplus highly-enriched vranivm (HEU). In 1992, Generzl Brent Scowcroft, then National
Security Advisor to President Bosh, requested the National Academy of Science
Committee on International Security and Arms Control (NAS CISAC) to perform a study
of the management and disposition options for surplus weapons-usable plutoniuim. The
request was later confirmed by President Clinten when he assumed office in January
1993, The results of the CISAC study were published in Management and Disposition of
Excess Weapons Plutoniun (NAS 1994},

The CISAC recommended, emong other actions, that the United States and Russia pursue
& lomg-term plutonium disposition option that results in a form from which the plutoniom
would be as difficult to recover for weapons use as the larger and growing quantity of
plutonium in commercial spent fuel, This recommendation became known as the Spent

rradiatad MOX fuzl rods from either MeGuire or Catawba to Ozk Ridge National Laboratory, which is the
prefemed PIE facility.
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Fuel Standard. The CISAC report discussed two appreaches that conld be used to achieve
the Spent Fuzl Standard. One approach js fabrication and use of MOX fuel in nuclear
reactors, The plutonium in the MOX fuel would be imadiated and become part of the
spent fuel that will be dispesed in a geologic repository. The second approach is
incorperation of plutonium in a viuified HLW mammix (j.e., immobilization) with
disposition in the seme geologic repository. The study noted that there may be some
public opposition to the proven MOX fuel option. The study also noted the existence of
technical difficulties and longer implementation time with the immabilization option.

In December 1996, DOE published the 5&D PELS {Reference 3). This decument
analyzed the potential environmental consequences of altemative strategies for the long-
teqm storage of weapons-usable plutoniurm and the disposition of weapons-uzable
plutonjurm that has been or may be declared surplus to national secunity needs. The ROD
for the S&D PEIS, issued in January 1997, outlined DOE's decision to pursue a hybrid
approach to plutonium disposition that would make surplus weapons-vsable plnienium
inaccessible and unattractive for wespong use. DOE's disposition strategy, consistent
with the preferred alternative analyzed in the S&D PEIS, allowed for both the
imraobilization of some (and potzntially all) of the surplus plutonium and irradiation of
some of the surplus plutenium as MOX fuel in existing domestic, commercial reactors.

In Sepiember 2000, the governments of the United States and the Russian Federation
sigred the “Agreement Between the Government of the United States of America and the
Government of the Rusgsian Federation Concerning the Management and Disposition of
Plutonium Designated as No Longer Required for Pefense Purposes and Related
Cooperation” (White House 2000). The agrzement commits the United States to disposal
of 28.2 tons (25.57 metric tons) of plutenium through conversion to MOX fuz] and
subsequent irmadiation in power reactors.

In January 2000, DOE issued the SPD EIS Record of Decision (DOE 2000), which
contained the following statement:

“The fundamenctal purpose of the program is to ensure that plutonivm produced for
nuclear weapons and declared excess to national security needs fnow and in the
future) is never again vsed for nuclear wespons. .....The Department has selected
the Savannzh River Site in South Carolina as the location for all three disposition
facilities. Based vpon this selection, the Department will authorze DCS to fully
implement the base contract.”

In April 2002 DOE issued a revised ROD that cancelled the immabilization portiem of the
disposition strategies announced in previous decisions. DOE determined thet in order to
be gble to proceed using available funds, only one disposition strategy should be pursued.
Because selection of an immohbilizaticn-only epproach would lead to [oss of Russian
interest in and commitment to surplus plutoniom disposition, DOE decided that the MOX

approach was preferable.
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55  NEED FOR THE PROTMOSEL ACTION

The proposed action is essential to the suceessful implementation of the joint United
States-Fussian pletoninm dispesition agreement. Before batch quantities of MOX fuel
can be irradiated in the Catawba Nuclear Station or McGuire Nuclear Station, expected
performance characteristics must be verified using lead assemblies.

DOE has previously determined that there is 2 clear need for the MOX Fuel Program. As
stated in the SPD EIS:

“The purpose of and need for the proposed action ... is to reduce the threat
of nuclear weapons proliferation worldwide by conducting disposition of
surplus plutonivm in the United States in an environmentally safe and
timely manner. Comprehensive disposition actions ere needed to ensure
that surplus plutonium is converted to proliferation-resistant forms.”

In ordsr to meest the requirements for the Spent Fue! Standard, the dacision was made to
fabricate weapons grade plotonivm inte MOX fuel assemblies and imadiate the MOX fuel
assemblics in a reactor creating spent MOX fuel. Prior to irradiating significant quantities
of MOX fuel, Duke must first confirm the performance of MOX fuel lead assemblies in
its reaciors. It is necessary for the Nuclear Regulatory Commission (NRC) to approve the
propased action in order for Duke to imradiate the MOX fuel lead assemblies, A
successiul lead assembly program would subsequently allow Duke 1o proceed with
obtgining the necessery NRC approvals for bateh implementation.

54  ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

5,6.1  Pilant EMuents

There are no anticipated changes ta water use or nen-radiclogical liquid discharges as a
result of this action. ‘The proposed action does not involve changes to ground-water
withdrawals or non-rediological dischurpes. There are no anticipated changes to non-
radiclogical emissions as a result of this action. Consequently, there are no anticipated
changes in the types or amounts of plant effiuents resulting from the vse of four MOX fuel

lead asscmblics.

£.6.2 Tmpacts to Homan Health

Slight increases in occupational exposurg will result from handling of MOX fuel during
receipt and handling operations. The increase in dose is duc to 2 higher dose rate

associated with a fresh MOX fizel assembly as compared to a fresh LEU fuzl assembly.
Total neutron and ganuna dose rate at 10 cm from the face of 2 fresh MOX fuel assembly
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averages about § mrem/hour, falling off to about 1.8 mrem/hrat 100 em. Thisisa
relatively low radiation field; however, it is larger than that essociated with a LEU fuel
assembly, which has virtually ne radiation figld at these distances. The initial receipt and
handling activities for one MOX fuel lead assembly could result in a conservatively
estimated totel occupational dose in the range of .020 to .042 person-rem. Application of
ALARA? principles could result in lower doses. Radiation exposures of this magnitode
are well within occupational exposure Jirnits and will have no impact on worker health,

No datectahle increase in public dose during normal operations is anticipated due to the
presence of four MOX fuel assemblies at McGuire or Catawba. Use of the lead
assemblies in the reactor core will not change the characteristics of plant effluents or
water use, During normal plant operation, the type of fuel material will have no effect on
the chemistry parameters or radioactivity in the plant water systems. The fuel material is
sealed inside fuel rods that sre seal-welded and leaktight, Therefore, there would be no

direct impact on plant effjuents.

Large guantities of MOX fuel can have an effect on the nuclear properties of the reactor
core that could impact the chemistry parameters of the reactar coolant, specifically,
soluble boron concentration. However, with only four MOX fuel assemblies, there will be
no discernible change in the core nuelear propertics and therefore no change in coolant
chemistry that could potentially impact plant discharges.

In: the event of a leaking fusl rod, an un¢ommon occurrence, there will be increased
Activity in the primary coolant. While there is a difference in the mdioactive isotopic
inventory between an irradiated MOX fue! 2ssembly and an émadiated LEU fuel assembly,
this would not translate into 8 significant difference in plant effiuznis. For bath fuel types,
plant process systems would limit the release of radiosctive tsotopes through hoidup,
filiering, demineralization, and dzeay such that there would be no significant difference in
radicactive effluents between the two fusl types. Plant releases will comply with all
regulatory limits with MOX fuel lead assemblies in the reactor, such that there will be no
impact on public health and safety.

The four irradiated MOX fuel lead assemblies will be stored with cther spent fuel
assernblies until they are shipped to a geclogic repository for disposal. The long termn
MOX fuel decay heal is shghtly greater than the decay heat produced by a LEU spent fuel
assembly. Figure 5-]1 provides a comparison of the long term decey heat power between a

MOX foel assembly and & LEU fue] assembly expressed as 2 ratio, Although not depicted
on this figure, it is important to note that the absolute value of decay heat decreases over

time. However, with enly four MOX fuel lead assemblies, the long term increase in heat
load on the spent fuel pool during storage will be inconsequential.

¥ ALARA — As low as reasonably achievable; refers o 2 rediclogicz] control program to minimize rediation
exposure to workets through application of procedural comtrols, eagineered features, and expericnce.
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563 Impacts of Postulated Accidents

This section suramarizes tha evaluation of potential aceidents at McGuire or Catawba
nuclear stations involving MOX fuel lead assemblies. The information presented in this
section is bzsed an the Safety Analysis section contained in Attachment 3 of the license
amendment request. The analyses used conservative assumptions and produced
comprehensive, bounding results. The evaluetions of events show that the environmental
risk from a facility accident is low.

5631  Deslipn Basis Accidents

Based on a review of the various accident scenarios in the respective Safety Analysis
Reports for MeGuire and Catawba, it was determined that MOX fuel |ead 2ssemblies had
the most impact on the results of the fus] handling and weir gate drop accidents. For these
particular accidents, comparisons of the dose consequences between & LEU fuel assembly
snd a MOX fuel assembly were made. For all cases evaluated, the thyroid doses were
limiting. For the MOX fuel cases, the thyroid radiation doses were calewlated to be about
3% higher than the LELT fuel cases. Results remain within regolatory Limats.

For 211 other design hasis accidents, the increase in dose consequences for a reactor core
with four MOX fuel assemblies and 189 LEL fuel assemblies was less than 1%. The
limiting eccident is the locked rotor accident, which has a calcutated dose about 0.4%
greater than the corresponding accident dose for an all-LEU) core. The other two
potentially limiting accidents are the rod jection accident and loss of coolant accident
(LOCA). The ealculated dose increases for these twao accidents were 0.2% and 0.1%,

respactively.

The consequences of a drop of 2 fresh MOX fuel assembly in air were also caleulated.
The analysis assumed the drop of a complete MOX fuel assembly with resultant damage
to the assembly. Specifically, cladding damage was postalated te occur and fuel pellet
damage was assumed, which resulted in the airbome release of a respirebie fraction of
particulate nuclides. The activity was then transported to 2 receptor at the sitc boundary
with resulting expasure from the particulate activity. Exposure was computed using
Federal Guidance Report 11 (Reference 4) conversion faciors. Even using extremely
conservative assumptions with no credit for ventilation system filters, the resulting
cakculated dose was less than 0.4 rem, which is well below regulatory limits for design
basis accidents.

5.6.3.2 Severe Accidenis

Duke nses probahilistic rigk assessment {PRA) analyses to evaluate the risk to public
health and safety due to operation of its nuctear plants. PRA analyses quantfy the
probability and consequences of severe accidents that involve postulated core melt and
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containment Failure events. Key considerations in PRA analyses are equipment
requirernents to prevent core meht (success criteria); ice meit times, containment
pressurization rates, and potential containment failures (containment perfosmance); and
doses to the public {offsite consequences), The attmibutes of MOX fuel that imparct these
arcas are fundementatly similar to uranivm fuel, as discussed below.

» Plant configuration: The plant equipment, includmg passive and active safety
systems, is unaffected by the type of fuel in the core.

. Fuel characteristics: As discussed in Reference 5, MOX fuel is fundamentally
similar to conventional LEU fuel. Both MOX and LELI fuel consist of sintered
geramic pellets with very sinnlar materizl properties. Both MOX and LEU fuel
are clad with girconium alloy metal. The MOX fue! assembly mechanica] design
is very similar to the resident LEU fuel,

. Decay heat: Short tene decay heat from MOX fuel is elightly lower than decay
heat from an equivalent LEU fuel assembly during the time interval of concem for
core melt accidents. '

. Radionuclide inventory: Irradizted MOX fuel has a somewhat different
radioouclide inventory than LEL fuel, For fission products, the same
radionuclides are presgent, in gencrally similar amounts, as discussed in Section
3.7.3 (Radiological Consequences of Desipn Basis Accidants). Irradiated MOX
fuel contains significanily mare actinides (plutonium, neplunium, americium, 2nd
ceriur) than equivalent vranium fuel, However, thess elements do not transport to
the environment to the same extent as lighter redionuclides. Thercfore, the dose
consequences of the actnides are small relative to radionuclides like iodine and
cesium.

Due to the fundarpental simmilarity between MOX. fuel assemblies and uranivm fuel
assemblies, four MOX fuel lead assembilies will have no gppreciable impact on the
thermal-hydraulic responsz of the core. Success criterie are dominated by the plant
sonfiguration and core decay heat, and four MOX fuel lead assemblies will therefore have
no adverse impact in this area, Containment performance is alse dominated by the plant
configuration and core decay heat; again, no adverse impact on severe accident
consequences would be expected.

The largest impact of MOX fitel vse will derive from differences in the original
radionuclide inventory. The most impontant radionuclides from an offsite dose
perspective are volatile fission products like cesium #nd jodine. Those radionuclide
inventories are generally similar for MOX and LEU fuel. Higher actinide concentrations
in MOX fuel have the potential to cause higher offsite doses, but thizs is a smaller efiect.
In Appendix K.7 of Reference 1 DOE evaluated several severe accident sequences at
McGuire and Catawba both for cores containing 2ll-uranivm fuel and cores containing
approximately 40% MOX fuel. In the DOE analyses, offsite consequences from severe

. aceidents ranged from minus 4% to plus 14% compatred to LEU fuel. For cores
containing four MOX fuel lead assemblies (2% of the tola) nurnber of fuel assernblies),

- the potential impact on offsite consequences from severe accidents would range from less
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than minos 1% to a maximum of plus 0.3% compared to LEU fuel. Accordingly, it is
congluded that operation with four MOX fuel lead assemblizs will have no significant
impact on public health risk at either McGuire or Catawbe.

5.64 Impacts to Fuel Cycle

The proposed action will involve the use of four MOX fuel lead assemblies in a
commaercial veactor. This is a small percantage of the number of assemblies reloaded in
the United States each year, such that the impact of the proposed action on the remainder
of the fuel cycle will be negligible. In addition, there are ne extra mining, milling or
enrichment related activitics required in connection with the propased use of MOX fuel
lcad assemblies. As noted in Sections 5.3.1 through 5.3.6, the impacts associated with
fabrication znd transportation of these frash MOX fuel assemblies and the irensporiation
and disposal of these spent MOX fuel assemblies are evaluated in other environmental
impact stalements, where gppropriate.

In sum, inasmuch as these four MOX fuel lead assemblies represent a small fraction of a
fue] batch that will be loaded into the McGuire or Catawba reactor at the same time (4 of
about 80 assemblies), and bacause the environmental impacts associated with their fuel
¢ycls and wanspertation are small, the issuance of the license amendments sought will not
significantly alter the overall environmental impact as previously reviewed by the NRC.

5.6.5 Impacts to Decommissioning

The proposed action will involve the imadiation of & maxirum of four lzad assemblies in
a2 McGuire ¢r Catawba reactor. These will replace low-enriched uranium (LEU)
assemblies. The radiological characteristics of spent MOX fuel assemblies are similar to
those of spent LEU assemblies. There is no anticipated change to decommissioning costs,
wasle generation or environmenta! jmpact resulting from the proposed action.

57 COMPARISON O ALTERNATIVES

The only viable altemative i the no-action alternative. The no-retion altemative would
eliminate the nse of MOX fuel lead assemblies in the Catawba Nuclear Station and
MecGuire Nuclear Station. In this instance both Catawba Nuclear Station and MeGuire
Nuclear Station would continue operations using LEU fuel. Both the proposed action and
no-action altermative would have negligible impact on the ecology surrounding either the
Catawba Nuclear Station or the McGuire Nuclear Station. Irmediation of MOX fuel lead
assemblies could result in a slight increase in worker dose above what would be
anticipated for the no-action alternative. There would be no measurable increase in dose
to the public resulting from normal operations using MOX foel lead assemblies

5.10
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For postutated dezign basis apeidents, potential dose 1o the public for the most limiting
accident would be about 3% above what wonld be anticipated for the no-action
alternative.

58 SUMMARY AND CONCLUSIONS

The United States nuclear non-proliferation policy invelves the conversion of surplus
weapons-usable plutonium o MOX fuel, then irradiating that fuel in a commercial reactor
to meet the Spent Fuel Standard preposed by the Nationat Academy of Sciences. Duke
will provide the fuel irradiation service to the DOE using the reactors at the Catawba and
McGuire Noclear Stations. Liradiation of lead assemblies is necessary to evaluate the
performance characteristics of the MOX fuel. The proposed action is 1o amend the
licenses and technical specifications for the Catawba and McGuire Nuclear Stations to
allow the irradiation of four MOX fuel lead assembliss.

There are no anticipated environmental impacts in the vicimty of either McGuire or
Catawba Nuclear Station resulting from the approval and implementation of the proposed
licensing action. Mormal operations could result in a very small increase in worker dose
resulting from fuet receipt and handling activities. No measurable increase in public dose
is expected during normal operations. The most limiting potential accident scenarios
could result in an increase in public dose about 3% above what would be expected for
simniler LEL aceident scenanios.

Approval of the proposed action would result in no significant impact on the environment.
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| R INTRODUCTION

Duke Energy Corporation {Duke) hereby files this request for exemptions from portions of
certain regulations contained in 10 CER Part 50, in conjunction with the receipt, handling,
storzge and use of mixed oxide (MOX }fuel st certain of its nuclear generating facilities licensed
by the U1.S. Nuclear Regulatory Commission (NRC or {I]ummissinn]. This exemption request
accompanies and is filed in conjunction with Duke’s license amendment request whose focus 1s
the utilization of four MOX fuel lead assemblies at either McGuire or Catawba Nuclear Station.
Each efement of the Commission’s standards for the issuance of exemptions, set forth in 10 CFR
§ 50.12, is discussed below and a demenstration provided that such standard is met.

These exemptions are necessitated by several factors. In several instances, NRC regulations
assume the use of fuel rods containing only low enrichment uranium {(LEU) fe) and not MOX
fue! and have not been updated to permit the nse of advanced types of cladding, either for
conventional fuel or for MOX fuels. Other regulations currently refer specifically to uranium
oxide (UOy) fuel use, but are generally applicable to similar types of fuel. In cach of these
situations, an exemption is required from certain provisiens in 10 CFR Part 50—namely,
portions of Sections 50.44, 50.46 and Appendix K to 10 CFR Part 50.

This request addresses individually each exemption sought. The discussion of cach proposed
exemption cites the applicable NRC standard for issvance of an exemption from the affected part
of the regulations, identifies the specific regulations (or portions thereof) for which an exemption
is being sought, and provides detai] concerning the extent and temporal scope of the praposed
exemptlions. A justification for each exemption request is also provided, along with a
demonsiration that the criteria for issuance of an exemption are met and that the Comrnission’s
enderiying reason for promulgation of the regulation is satisfied. As noted previously, where
Duke is taking additional actions, these are described and justified.
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1. REQUEST FOR EXEMPTION FROM FUEL CLADDING REQUIREMENTS
REFLECTED IK 10 CFR §§ 50.44, 50.46, AND PART 50, APPENDIX K

Duke reguests an exemption from the requirernents of 10 CFR 50.44(a), 10 CFR
£0,46{a)(1}, and 10 CFR Part 50 Appendix K such that explici consideration of the
M5™ cladding planned for use with MOX fuel assembkies is oot required in order

to be in compllance with these regulations.

A HRLC Standard for Issusnee of Exemptions under 14 CFR Part 50

10 CFR § 50.12{2){1)-(2) provides that upon application by any interested person, the NRC may
grant an exemption from the requirements in NRC regulations found in Part 50 if the exemption
is authorized by law, if granting the exemption will not present “an undue risk to the public
health and safety” and is “consistent with the common defense and security,” and if “special
ciremstances” are shown to bz present. Special circumstances are prescnt, for example, when
application of the Tegulation in the particular circumstances would not serve the underlying
purpose of the rule or is not necessary to achieve the underlving purpose of the rule.  See 10
CFR § 50.12(a)(2)(ii). All of these criteria are met with respect to the excmption request
deseribed in Section 1L below.

B. Reeviatory Provisions from which Exemption Is Needed

13 CFR. § 50.44(a) (Standards for combustible gas conirol system in light water cooled power
reacrors) requires pressurized water reactors (PWRs) “fueled with oxide pellets within
cylindrical zircaloy or ZIRLO cladding™ to include means for control of hiydrogen gas that may
be generated following a postulated lass-of-coolant accident {LOCA) by metal-waler reactions
imvolving the fuel cladding and the reactor coolant, by radiclytic decomposition of the reactor

coolant, and by comesion of metals.
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14 CFR § 50.46(2)(1) {dcceptance criteria for emergency core eooling systems for light-water
niiclear power reactors) requires cach BWR and PWR “fucled with aranium oxide peliets within
cylindrical zircaloy or ZIRLO cladding” to be provided with an emergency core cooling system
(BCCS) designed so that its caleulated cooling performance following a pestulated LOCA meets
certain criteria in Section 50.46(b). ECCS cooling performance nust be calculated in
accordance with “an accepteble evaluation model,” for 2 number of postulated LOCAs. The
evaluation model must include sufficient justification to show that the anaiytical technique
realistically describes the behavior of the reactor sysiem during a LOCA. Alternatively, an
ECCS evaluation model may be developed in conformance with “the required and acceptable
features™ of the ECCS evaluation models set forth in Appendix ¥ to 10 CFR Part 30, (See
Section 50.46(a)(1)().)

Consistent with Sections 50.44 and 50.46, Appendix K to 10 CFR. Part 50 (ECCS Evaluation
Models) also reflects certain assumptions regarding the use of fuel cladding that is either zircaloy

or ZIR1O.

. ircumstances Requiting an Exemntion fro 1 Cledding Assumptions in
IDCFR &8 5044, 5046 and Appendix K to 10 CFR Part 50

Duke plans to utilize MOX fugl at MoGuire and Catawba as a portion of the units" cores as part
of the its support of the DOE"s mission to dispose of surplus weapons grade plutonium, The
proposed use of McGuire and Catawba as “mission reactors” for this purpese requires that Duke
obtain from the NRC an exemption from the assumption (and, thus, the implicit requirement) in
Section 50.44, Section 50,46, and Appendix K to Part 50 that zrcaloy or ZIRLO fuel cladding
will be used in every commercial mec)ear reactor. In particular, the MOX fuel pellets to be usnd
in the four Jead assemblies by Duke at MoGuire or Catawba will be enclosed in M5™ cladding,
an advanced cladding which kas a number of properties that enhance cladding performance. The
chemical composition of M5 ¢cladding differs somewhat from that of both zircaloy and
ZIRLO, Because the use of M5 cladding for the MOX fuel is not consistent with 10 CFR
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Sections 50.44, 50.46, and 10 CFR Part 50, Appendix K as written, Duke is requesting an
exernpticn from these fuel cladding requirements.

D virad in Lieo of Complyi i i ireppents in 10 CFR

Sectons 50.44, 50.46, and Part 50, Aopendix K Az Written

Puke requests an exemption from the requirements of Section 50.44, Section 50.48, and
Appendix K to 10 CFR 50, as those requirements relate to the fuel cladding to be used on the
MOX fuel lead assemblies to be used at the McGuire or Catawba facilities. This exemption is
requested to specifically permit the use of the Framatome Advanced Nuclear Power (F-ANF)
M5™ advanced alloy as an zcceptahle fuel cladding material for the MOX fuel lead assemblies
to be used ot these facilities.

E. Basis and Fustification for Grant of Exemption

As shown below, all of the requirements of 10 CFR 50.12 for the issnance of an NRC exemption
have heen satisfied.

1. This exemnption reguest iz anthorized by law

As required by 10 CFR 50.12{a)(1), this requested exemption is “authorized by law.” The
selection of & specific cladding material in 10 CFR 50.44 and 50,46, and implied in Appendix K
to Part 50, was adopted at the discretion of the Commission consistent with its statutory
autherity, No statute required the NRC to adopt this specification. Additionally, the NRC has
the authotity under Section 50.12 to grant exemptions from the requirements of Pert 50 upon s
showing of proper justification by the applicant, Further, it should be noted that, by submitting
thiz exemption request, Duke does not seek an exemption from the acceptance and analyticat
criteria of 10 CFR. 50.44, 50.46 and Appendix K to 10 CFR 50. The intent of the request is
solely to atiow the use of existing criteria set forth in these regulations for application to the
M5™ cladding material.
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2. Granting this exemption request will not present an undue risk to public health
and safety

As demonstrated below, the acceptance criteria of 10 CFR 50.44 and 50.46 are applicable to
M5™ cladding. In addition, the Baker-Just equation, required by Appendix K to 10 CFR Part 50
to be nsed to predict the clad oxidation rate, is also shown to conservatively predict the oxidation
rate for M5™ cladding. The impact of M5™ cladding on LOCA analysis is specifically
evaluated in Framatome ANP topical report BAW-10227P-A.'  This report demonstrated znd
NRC sccepted that the acceptance criteria in 16 CFR 50.46 and 10 CFR Appendix K are valid
for M5™ cladding. The plant safety anakyses will assure that these acceptance criteria are met
following the implementation of the use of M5™ cladding. Preliminary calenlations in
Attachrnent 3, Section 3.7.1 of this license amendment request have demonstrated accepiable
LOCA results far MOX fuel with M5™ cladding. The MOX, fuel using M5™ cladding will be
evaluated using NRC approved analytical methods and will specifically address the cladding
material properties for M5™ cladding. The safety analysis for MeGuire and Catawba will be
supported by the applicabls Technical Specifications. Fuel assemblies utilizing M5™ ¢ladding

will be operated in accordance with operating lirnits as specified in the Technicz] Specifications.
Thus, the granting of this exemption request will not pose an undue risk to public health and
safety.

3. Granting this exemption request is consistent with common defense and sccumity

This exemption request is only 10 allow the application of the aforementioned regulationsto 2
different, mote advanced, cladding material. The existing requirements and acceplance criteria
currently found in the affected regulations will be maintained if the exemption 15 gramted.
Accordingly, the granting of this exemption request is consistent with the common defense and

security.

! Trevid B. Mitchell, Best M. D, Evedution of Advanced Cladding and Struciural Marerial (M3) in PER Reactor
Fuel, BAW-102}7F-A, Febreary 2000,
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4, Special ¢ircumstances support the issvance of an sxemption

160 CFR § 50.12(a)(2) allows the NRC to grant an exemption to the regulations when special
circumslances are present. As discussed below, the special circumstances described in 10 CFR
50.12{a}(2)(ii) support the granting of this exemption application, in that application of these
regulations in the parficular circumstances described is not necessary to achieve the anderlying
purpose of the affected regulations—in this case, 10 CFR 50.44, 50.46, and Appendix K to 10
CFR Part 30.

The strict application of the existing fuel cladding requirement in the particular circumstances
represented by this exemption application would not serve the underlying purpose of the rle,
and, in addition, is not necessary to achieve the undeslying purpose of the rule. In this case, the
underlying purpose of 10 CFR 50.46 is to ensure that facilities have adequate acceptance criteria
for their emergency cote cooling systems to assure adequate core cooling. In its topical report,®
F-ANP demonstrated that the ECCS acceptance criteria applied to reactors with zircaloy clad
fuel rods are also applicable to reactors with MS™ clad fuel rods. This report also showed that
the M5™ cladding was capable of satisfying these design and acceptance criteria. Therefore, the
underlying purposes of Section 50.44 and Part 50 Appendix K, peragraph 1. A5, are achieved
through the use of M5™ as g fuel rod cladding material.

5. Relevant Precedent Also Supports Issuance of the Requested Exernption

As further support for this requested exemption, Duke notes that relevant precedent exists for the
grant of an exemption from the fuel cladding requirements in 10 CFR 50.44, 50.46, and 10 CFR
Part 50, Appendix K, in connection with the anticipated use of MOX fuel at McGuire and
Catawba. In March 2000, the NRC issued an exemption to Duke Energy Corporation from
cetiain requirements in 10CFR. 50.44, 50,46, and 10 CFR Part 50 Appendix K, to allow the use
of Framatome M5™ advanced alloy as a fuel red cladding material at the Oconze Nuclear

z ibid.
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Station.’ Duke now proposes to use the identical fuel cledding for the MOX fuel to be irradiated
at MeGuire and Catawba Nuclear Stations.

3 Letter from Mr. David E. LaBarge, LS. Mucleor Rapulatory Curnﬁinniun, to hr. W B McColhmm, Ir.
dated March 23, 2000, “Cconce Nuzlear Station , Units 1, 2, and 3 Re: Ezernptien from Fuel Claddiag

Requirements,”
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I, REQUEST FOR EXEMPTION FROM FUEL COMPOSITION REQUIREMENTS
REFLECTED IN 10 CFR § 50.46, AND PART 50, APPENDIX K

Duke requests an exemption from the requirements of 10 CFR. 50.46(2)(}) and
Appendix K to Part 50 sach that explicit consideration of MOX fuel is not required
its order to he in compliznce with these regelations.

A, WRC Standard for Issuance of Exemptions imder 10 CER Part 5

As set forth in Section [E.A.1 above, the NRC standard in Section 50.12 for granting an
exemption from the requirements in 10 CFR Part 50 requires the applicant to dernonstrate that
the exemption is authorized by law, that issuance of the exemption will not present an undue risk
to public health and safety and is consistent with the common defense and secutity, and that
certain “special circumstances™ are present. As set forth below, all of these eriteria are met with

respect to the exemption request described in Section ITH, helow.

B. Rezulatory Provisions from which Exemption Is Needed

10 CFR 50.46{2)(1), as written, applics to power reactors “fueled with uranium oxide pellets,”
and requires sach reactor to be provided with an emergency core cooling system {ECCS)
designed so that its calculated coaling performance following 2 LOCA meets cerlain criteria in
Section 50.46(b). Additionally, Appendix K to Part 50 contains several references that assume
that UQ); fuel pellets are being tsed, as discussed further below.

C, Clircumstances Requiring Exemption from 10 CFR § 50.46 end 10 CFR 50, Appendix K

The proposal to utilize MOX fise? at McGuire and Catawba is inconsistent with certain
assurnptions in Section 50.46 and 10 CFR Part 50, Appendix K, since these regulations presume
the use of reactor fue! in the form of "uranivm oxide pellets.” In patticular, 10 CFR 50.4¢, as

written, implies that all light water reactors muzt contain araniwm oxide pellets as the fuel
material, znd the performance of the BCCS associated with each reactor must be analyzed with
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an acceptable LOCA evalvation model. Clearly, the regulation should also apply 1o & reactor
fieled with MOX fuel peliets.

Similarly, the requirements in Section LA.1 of Appendix K for calculating the stored energy in
the fuel at the onset of the LOCA include the following phrases: “the thermal conductivity of the
JO; shall be evaluated,” and “the thermal conduetance of the gap between the U0, and the
cladding shall be evaluated.” For both of these staternents, compliance with the underlying
requirement can be satisfied for MOX fuel as well as for UQ; fuel. However, since the
requirements refer to UQ, fuel, an exemption is needed since the regulation as wntten cannot be

met for a reactor containing MOX fuel.

D. Relief Required in Lien of Complying with Section 50.46 snd
Part ix X _Ag Wotten

Ik connection with the proposed vtilization of MOX fuel at the McGuire and Catawba facilities,
Duke requests an exemption from the asswnption in 10 CFR § 50.46 and 10 CFR Part 50,
Appendix X that commercial power reactor fuel is exclusively “uranium oxide™ fuel. Mixed

oxide fuel is not equivalent to vranium oxide fuel.

E. Basis snd Justification for Grant of Exemption

As noted earlier, 10 CFR 50.12 ellows the NRC te grant exemptions provided that (1) the
exemption is authorized by law; (2) the exemption will not present an 1mdue risk to the health
and safety of the public; and (3} the exemptton is consistent with the common defense and
security. In addition, the Commission will not consider granting an exemnption unless special
ciroumstances are preseat. As set forth below, ell of the requirements of 10 CFR § 50.12 for the

i1ssnance of an NRC exemption have been satisfied.
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1. This exemption reguest is authorized by law

The language in the regulations to specify fucl materiat in Section 50.46, and in Section LA.1 of
Appendix K to Part 50, was adopled at the discretion of the Commission consistent with its
statutory authority. No statute required the NRC to adopt this specification. The NRC has the
authority under Section 50.12 to gran! exemptions from the requirements of Part 50 upon a
showing of proper justification by the applicant. As such, this requested exemption is
“anthorized by law,” as required by 10 CFR § 56.12(a)}(1).

2. (pranting thiz exemption request will not present an vndue risk
to public health and safety

The focus of Section 50.46 is to assure that all ight water reactors are equipped with an ECCS
and that the ECCS performance be assessed with an acceptable evaluation model. Likewise, the
requirements in Appendix K are focused on specifying the required and acceptable features of
the LOCA evaluation maodel. This includes venifying that the svaluation mods! incledes features
for describing the thermal conductivity of the fuel material and the fuel-to-cladding gap
conductance. Appropriate MOX fuel thermal and mechanical properties will be used in the lead
assembly LOCA application analysis. These and !l other MOX-specific differences from the
approved LOCA evaluation model, BAW-10168P-A Revision 3, are discussed in Sectson 3.7.1
of the license amendment request. Framatome-ANP will perform a MeGuire/Catawba LOCA
analysis for the MOX fuel lead assemblies using the methods described in Section 3.7.1 of the
license amendment request. The lead assembly analysis will desnonstrate that all the acceptance
criteriz of 10 CFR § 50.46(b) are met. In particular, MOX fuel thermal conductivity and the
thermal conductance of the gap between the MOX fuel and the cladding are specificalty
evalnated. A case representative of expected lead assembly results is presented in Section 3.7.1
of the license amendrnent request. Both the MOX and LEU representative cases demonstrate
accepteble resnlts.
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The plant safety analyses will assure that these acceptance criteria are met foltowing the insertion
of MOX fuel lead assemblies m Catawba or McGuire. The safety analysis for McGuire and
Catawba will be supported by the applicable Technical Specifications. MOX fuel essemblies
will be operated in accordance with operating limits as specified in the Technical Specifications.
Thus, the granting of this exemption request will not pose an undue risk to public health and
safety.

3. (ranting this exemption request is consistent with common defense and seearrity

Asnoted above, this exemption request is only to allow the application of the aforementioned
regulations to a different reactor fuel. All of the existing requirernents and aceeptance criteria
cutrently found in the affected regulations will be maintained if the exemption is granted.
Accardingly, the granting of such & request is consistent with the common defense and security.

4, Special circumstances support the issuance of an exemplion

10 CFR 50.12(2)(2) allows the NRC to grant an exemption to the regulations when special
cirenrnstances are present. As discussed below, the special circumstances described in 10 CFR
SU.IZ{ﬁj{Z}ﬁi} support this exemption application, in (hat application of these regulations in the
particular circumstances described is not necessary to achieve the imderlying purpose of the
effected regulations.

The underlying purpose of 10 CFR 50,46 and Appendix K to 10 CFR Part 50, paragraph LA.1, is
to establish acceptance criteria for ECCS parformance and to ensure that the evaluation model
contains provisions for conservatively assessing the amount of stored heat in the fuel at the onget
of a postulated LOCA by, inter alia, adequately modeling the thermal conductivity of the fuel
materiaf and the fusl-to-cladding gap conductance. As is demonstrated in Section 3.7.1 of the
lead assembly license amendment request, Framatome-ANF has evaluated the thernmnal and
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material properties of MOX fiel. The properties are very similar to LEU fuel such that the effect
of the MOX thermal and material properties on McGuire and Catawba ECCS performance is
negligible. Therefore, the underlying putposes of Section 50.46 and Part 50 Appendix K,
paragraph LA 1 are echieved with the use of MOX fuel in licr 0f UO; fuel. The special
circumstance set forth in Section 50.12{a)(2)(ii} thus supports this exemption appliczation.

Moreover, the strict spplication of the existing UQ; Fuel requirement in the particular
circumstances represented by this exemption application is not necessary to achieve the
underlying purpose of the affected regulations. In this case, the underlying purpose of 10 CFR
50.46 and 10 CFR. 50 Appendix K is to ensure that farilities have adequate acceplance criferia
for their smergency core cooling systems. The effects of the different characteristics of MOX
fue? on the Framatome-ANFP LOCA Evaluation Mode] and ECCS acceptance criteria are
evaluated in the safety enalysis of MOX fuel provided in Attackment 3, Section 3.7.1 of this
license amendment requast. This evalustion demonstrates that the ECCS acceptance criteria are
applicable to, and will be met for, McGuire and Catawba reactors with MOX fuel lead
assernbles. Therefore, the underlying purpose of 10 CFR 50.46 and 10 CFR. 50 Appendix K iz
achieved with the use of MOX fuel lead assemblies.
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